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PKEFACE 


This book originated in lectures given to more advanced 
students in Oxford. Its object is thus primarily educational, 
and it is in no ' sense intended as a work of reference. I have 
endeavoured to giv*^ an account of the present state of knowledge 
on those parts of the subject which are of the greatest theoretical 
interest, and at the same time to avoid overloading the text with 
the names of less important substances. In dealing with the” 
vast group of heterocyclic compounds, I have thought it better 
not to attempt even an enumeration of all the known types of 
ring ; but I have selected a few of the more important,, and 
discussed these in detail. I have assumed throughout that the 
reader has at least an elementary knowledge of oi’ganic and of 
general chemistry. 

It is becoming generally recognized that organic chemistry 
cannot be treated satisfactorily without reference to those 
questions of physical chemistry which it involves. To attempt 
a separation of the two is to refuse all the assistance which can 
be derived from what is really the quantitative side of chemistry. 
The various physical questions are therefore discussed as they 
arise. A full treatment of the phenomena of tautomerism would 
have required too great an inteiTuption of the main current of 
thought ; but I have tried to indicate the more important points 
in which they are illustrated by the bodies under consideration. 
The dynamics of organic reactions is a field which, in spite of the 
increasing amount^of attention roccntl^^devoted to it, is still very 
liU’gely unexplored ; and yet it is of the utmost value for eluci- 
dating the mechanism of chemical change. I have therefore 
maide flie •references to investigations of the velocity of reaction 



1 liave to acknowledge my obligati(ms to .several oi’ the 
established textbooks of organic chemistry, and above all to the 
great Lehrlmeh of Meyer and Jacobson. 1 have; also mach^ yrttat 
use of Kichtor’s Lelirhich, and in one or twc) places 1 hav(i (jiiotcal 
his admirably concise summaries of the relations of a complieated 
group of substances. The various monographs dealing with 
special branches of the subject which I have consulted are 
referred to in their places. 

To my colleagues in Oxford I am indebted for help on various 
points, more especially dealing with physical questions, and in 
particular to Mr. D. H. Nagel, for his assistance and advice as tlu' 
'book was passing through the press. I wish to express iny 
heartiest thanks to Mr. H. T. Tizard, who has road the whole 
work in manuscript, and whose constant suggestions and critica'sms 
have been of the greatest value to me. 
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THE ORGANIC CHEMISTRY OF NITROGEN 


The organic nitrogen derivatives fall naturally into four divisions : — 

1. Those in which the carbon is not attached to nitrogen directly, but 
indirectly, through oxygen. This grpup is practically confined to the esters ^ 
of nitrous and nitric acids. (The a-hydroxylamines, E-O-lSTHg, belong 
strictly speaking to this class, but it is more convenient to discuss them 
along with the other hydroxylamine derivatives.) 

2. Bodies containing one or more nitrogen atoms attached to carbon, 
but not to one another, and not forming part of a closed ring. These form 
the most important and fundamental class. 

3. Bodies containing two or more nitrogen atoms attached to one another 
in an open chain. 

4. Compounds with closed rings containing one or more nitrogen atoms. 
Of this enormous class only a selection of the more important types will be 
discussed. 




CHAPTEE I 


ESTERS OF NITROUS AND NITRIC ACIDS 


ESTERS OF NITROUS ACID 

These bodies are formed — 

1. By the action of nitrous fumes (a mixture of nitrogen peroxide, trioxide, 
and nitric oxide) on the alcohols. A modification of this method^ is to pass 
the vapour of nitrosyl chloride NOCl into a mixture of the required alcohol 
and pyridine in moleculai- proportions. The action of the pyridine is merely 
to remove hydrochloric acid. 

0=NC1 + HO-R = HCl + ONO-R. 

2. By the action of sodium nitrite on a mixture of the alcohol and 
sulphuric acid. 

3. As by-products in the preparation of the nitro-paraflSns by the action 
of silver nitrite on the alkyl iodides. 

This curious instance of a tautomeric reaction will be discussed later, 
in dealing with the nitro-paralfins. At present it may be regarded as a simple 
double decomposition : — 

Ag(N02) + C^HjI = Agl + C^H-ZNOa). 

The nitrous esters are volatile pleasant smelling liquids, which boil at 
a much lower temperature than the corresponding alcohols. Thus methyl 
nitrite is a gas, boiling at - 17° ; ethyl nitrite boils at 17°, and normal 
propyl nitrite at -f 57°. On reduction they are split up, mth the formation 
of an alcohol and either hydroxylamine or ammonia. This shows that the 
nitrogen is not attached to carbon directly, but indirectly, through oxygen, 
as CH.j-O-N^O. If it were attached to the carbon it wotild remain there 
on reduction, as it does in the nitro-compounds. 

The nitrous esters undergo a singular reaction® when treated with excess 
of zinc or magnesium alkyl halide. An addition-product is formed, which 
breaks up on treatment with water to give the alcohol of the ester and 
a y3-dialkyl hydroxylamine: the -N=0 group of the nitrous acid being con- 
verted into -N=(Alk).^. 

/OZnI 

E_0-N=0 -1 2 ZnAlkl -* R-0-N=(Alk)2 -> R-O-H -i- HO-NCAlk)^. 

\ZnI 

^mong the esters in general those of nitrous acid occupy quite a unique 
position in respect of the ease with "which they are both formed and decom- 

» Bouvtault, Wahl, C. 03. ii. 338. “ Bewad, Her. 40. 3065 (1907). 

1*75 


B 



mml I?iie formation of an ester from an aicoliol and an ^udd is iisi 
compaxatitely slow reaction, which may take sevenil InnirK or tweii i 
kit if ii solution of ben7.yl alcohol (or amyl alcohol) in wnU h' is acldi 
nd then, treated with sodium nitrite solution, li iiisluiiily I n 

hroiigh separation of the nitrous ost<n% Tln^si^ entons can alsij he sapon 
►y strong acids with remarkaldo rapidity. lnd</<'{I the cast' with which 
»reak np sliown hy the fact that iliey <'au he used ins Leal of In^c nil 
,€id, for iCsmnijVle in diazotizing ; the same way <dhyl lalnii^ aids on liydn; 
ii alkaliiie solotion to foinii hydrazoic acid KsHd 

To explain these and certain oilnu’ reactions of tlK‘ niiruiis ester lh\ 
tnd Viliiger“ have proposed the following theory, I hoy ussuixic that nit 
ickl readily forms unstable additiomcompoiiiids in wlihdi tin* iiitrogo 
pentad. Thus it adds on water to form a compoumi analogous to phospho 

,.oit 

Ct:N-OH + non = 0=N-0H. 

\II 


The hydroxyls of this acid can he replaced ))y alkoxyl or ty the unior: 
acids (including the peroxides), giving rise to such conipounds ns 


/OCJI- /ORO.,OH ..OSthOlI 

0=1^- '^OH ^ " 0=N- iOil; (>■" N-:()(_ii I ■ 

Nh : iH i ill “ 


These unstable compounds then break up again according to ihc folhn 
rule : if both hydroxyl and alkoxyl are present, the hydroxyl goes <mt ' 
the hydrogen as water, hut if the anion of an acid is present, this reni 
while tie hydroxyl or alkoxyl splits oft, as shown hy the <I«ttpd liiio.s. 

This hypothesis explains many remarkable reactions of tin* ni(ritc»K. 
rapidity of formation of tho esters is due to the oecurrenco of an :i<l<li1 
reaction, which can take place instanlaHeously (like most Jiil<lition-n*a<;t 
in which triyalent nitrogen becomes pentuvalonl), followc<l 1 >y tho los 
water: — 

/OaH, 

(>=]Sr-0H + HOCsH,, = 0=N 0n - 0=-N-Ocyi , ^ ILjO. 


On the other hand the saponification by acids goes thus 

/OC,lL, 

0=N-OCI,H,, + HO-SO„OH = ()=N-OBO.,OH 

Nh 


= C2n,,0H + O^N-OBOaOll O' '^<go on 

In aceordanee with the rule II and OCallj go out to form alcohol, w 
a tautomeric form of nitrosulphonic acid remains. This is liroken up 



Tile hypothesis also explains an interesting series of reactions of the nitrites 
wilh hyd/ogen peroxide and its organic derivatives. It is found that while 
(1) ethyl nitrite and hydrogen peroxide give alcohol and nitric acid, (2) ethyl 
hydroperoxide, C2H50*0H, and nitrous acid give ethyl nitrate and water. 
E’<fw if the hydrogen peroxide broke up, in adding on to the nitrous acid, into 
two hydroxyls, one would get in both reactions the same addition-product : — 


(1) + (OH). 

QCoH, ^0=:N-0H 

(2) 0=:N~0H + - 


l V.7 J.X 

\OC.H- 


and hence the same ultimate product. The fact that the products are diiferent 
shows that the peroxide breaks up (like the sulphuric acid in the previous 
case) into H + OOH, which gives: — 


(1) O-N-OC2H5 + H-OOH - O: 


/OC2H, 

=]sr-ooH = 
\h 


0=:N-00H + C2H,0H. 


This again breaks up, in accordance with the rule that OOH like the anion 
of an acid remains attached to the nitrogen, into alcohol and a peracid 
0=N“0-0H, which then changes into nitric acid : the ultimate* products 
from the nitrite and hydrogen peroxide being nitric acid and alcohol, as 
experiment shows they are. On the other hand nitrous acid and ethyl 
hydroperoxide react thus: — 

/OOCoH, 

(2) O^N-OH + H.OOC2H5 = 0=1^0H ^ ^ = 0=N-00C2H5 + H^O 

giving the ester of the peracid, which changes into ethyl nitrate: and this 
again is in accordance with experiment. This view is strildngly confirmed 
by the action of ethyl hydroperoxide on amyl nitrite. If the peroxide acted 
only as an oxidizing agent it would of course produce amyl nitrate ; whereas 
if it split up into H -f* 0*0C2H5 it should give ethyl nitrate thus : — 

/OC,Hn 

+ H.OOC.H5 - O-N-H 

XO-OC^Hj 

^ 0=N-0-0C2H5 ^ 

As a fact only ethyl nitrate was obtained. 

This theory is not definitely established, but it <?ertainly appears to offer 
a plausible explanation of the very j)eculiar behaviour of nitrous acid and 
its esters. 

The rate of formation and of hydrolysis of the alkyl nitrites has been 
measured by W. M. Fischer,^ the amount of ester being determined by 
titration. He finds that these reactions though very rapid are not instan- 
taneous. Ethyl nitrite is hydrolysed by water, but not completely so; thus 
an N/43 solution of the ester is 84 per cent, hydrolysed. In presence of 
hydrochloric acid the 4iydrolysis is practically complete, but the first titration 
was found to he about 6 per cent, higher than that obtained after five minutes, 
./hich was also the final value. This indicates a very high velocity, which 


A z. n. Ch. es. 61 (1908> 
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may be compared with that of the hydndysis of inphf'uyl-uM'thyl chloride 
to the carhinoh The reactions seem io of the same ordi*r in oiler 
easeSy since the usual expn'ssi-i: 

^lleoho! ^ acid 

• ■ eensl, 

wait r ■ estf*r 

was found io hold good. 

On the otlier hand soda and sodium ethylat** act an the estor 
tively slowly. The voliKuiy eonstaai ehtained wiih aqueous soda uuly a’boiii 
three times as gnaifc as that ihr ethyl acetate; while with sfcliusu eihylaitk 
in absolute alcohol the, velocity is only ahoui, onedeiiieth of fids, and is 
actually only a tenth of that observed witli the eih^d i*‘4er of ethyl sub 
phonic acid. 

The esters of nitrous acid undergo a remarkahle «amdeusaf ion. in presence 
of sodium or }>oiHSsium ethylatf^j with cojnnoiiuds contairumr an aeldie mefhv 
leiie group, such as phenyl-acetic ester, giving the salt of an oxinn* ^ n— 

Can-O-NO + ^.C1-L-C0,CJI-, ■' KOGJI., - 2 C.II ,OII i> C ,^,‘^^.11 ' 

Baeyer and Viliiger" have also <irawn athmiiou t<» a singular analogy 
between nitrous acid and triphenyl-ciirbinol (C,,H They both form 
esters with alcohols wdth unusual ease. They both <*ombine with ^uli huiMuis 
acid to give sulphonic acids, NO-B();jH, <l> VSiy^lL The <*arbinoI with aniline 
forms an anilide ^).5C*Nn^, as nitrous acid •with Hi'condary amines forms 
a nitrosamine ON‘NR.j. Wiih phenols it condenses to ox>-t<'tra}de'nvl 
methane as nitrous acid docm to a nitrosophenoh OXdj, 

Triphenyl-methyi chloride, like nifcrosyl chloride, giv(‘s double salts with 
metallic chlorides. Finally, corresponding to the monovalent radiele NO 
there is (probably) the free monovalent radicle (Jomberg’a Iriple-nvl 

methyl. 

ESTERS OF NITRIC ACID 

The esters of nitric acid, like those of other mineral jwJds* can l»e pre|wwiHl 
by the direct action of the acid on the alcohol; but in this sptHnal 
precautions are required. The nitric acid generally eonbiius nilrmm iicid, 
and in any case this is likely to be formed by t!m roduetiou of mmw of the 
nitric acid by the alcohol; and in the proHonco of nitrous aetd I ho i«tor is 
violently oxidissed, which diminishes the yield and may ciaaily loud to violent 
explosions. To avoid this danger the acid may be piwiously piirifmil by 
distillation in vacxio with concentrated sulphuric acid, and th.^n tlm alcolud 
dropped into it, the temperature not being allowed to rise above or, iw in 
the preparation of the aromatic ni tro-compouuds, the alcohol iiiiiy bcf dropped 
into a mixture of nitric and sulphuric acids kept at O'b 

A more usual method is to add some substance which will destroy the 
nitrous acid as fast as it is formed. The substance employed i» urea, wliifii 

^ W. Wislicenas, Griitoer, ifer. 42, 1930 (1909). 

® Boavearit, 0, 03. if. 338, 


^ M0r. 3 », 3019 (Wmi 



has the advantage of giving^ with nitrous acid only nitrogen, carbon dioxide, 

0=C(NH2)2 4- 2 0=:N0H = CO 2 + 2 Ng + 3 

The nitric acid is first boiled with urea, and then more urea is added and the 
alcohol dropped in. 

The nitric esters of the lower alcohols are colourless, pleasant smelling 
liauids, whose boiling-points are a good deal higher than those of the corre- 
sponding nitrites, and not far removed from those of the alcohols themselves 



Alcohol 

Nitrate 

Nitrite 

methyl 

4-65° 

+ 66“ 

-12° 

ethyl 

00 

o 

87° 

4-17° 

n-propyl 

97° 

110.5° 

o 

l> 

lO 

i-propyl 

81° 

101-5° 

39° 

n-butyl 

117° 

136° 

75° 


When set on fire they burn with a white flame, and when heated above their 
boiling-points they explode violently. On reduction with tin and hydrochloric 
acid they give the alcohol and hydroxylamine, showing that the nitrogen is 

attached to the carbon through oxygen : CH 3 - 0 ~N<^q : this is also proved by 

the ease with which tliey are saponified by acids to alcohol and nitric acid, 
though these primary products react with one another to some extent, forming 
oxidation products of alcohol, such as aldehyde, and nitrous acid. The same 
thing happens on alkaline saponification ^ ; and in this case it is probable 
that a certain amount of ethyl hydroperoxide CgHgO^OH is formed. They 
condense (like the nitrites) in presence of sodium or potassium ethylate, 
with bodies containing an acidic methylene group, to form isonitro-com- 
pounds * : — 

EtO-NOa + NaOEt + ^-CHa-CO^Et = 2 EtOH + 

Among the nitric esters some are of great practical importance— certain 
polynitrates of the polyatomic alcohols. The simplest of these is glyceryl 
trinitrate 

CH-O-NOo 

1 

CHa-O-NO. 

commonly, though wrongly, called nitroglycerine. It is formed by the action 
of a mixture of nitric and sulphuric acids on glycerine. It is an oily liquid, 
without colour or smell, which solidifies at 4-8° It is scarcely soluble in 
water. On saponification^ the NO;{ groups are readily split off as nitric acid, 
but they oxidize the glycerine, and are themselves reduced to nitrous acid. If 
the ester is set on fire it burns away rapidly but quietly: but under certain 
definite conditions it mn be made to explode with great violence. 

^ Gafcmanii, Ber. 41, 2052 (1008) ; Tor Carlson, C. 08 . i. 938 ; CamM, C. 09. ii. 693. 

2 WiBlicenus, Eadres, Ber, 35. 1755 (1902) ; Wislicenus, Griitzner, Ber. 42. 1930 (1909). 

® See l^bertHon, CA. News, 99. 289 (1909). 



Another class of nitric esters foj* i^xplosives ei^osj.sis id'* the iiitr<> 
celluloses* Cellulose is a carhohydrate which forms the cdiief ecnislitneiU' f>f 
the walls of plaiii cells. Its lUidecular weii^ht is iniktiowii. Inif is very 
highj and it is quite possible ihal an<l<r this nunie lov nc'hrled He\itniJ 
allied hut distinct suhsia-nces* <^>iiuuoii forois of if, are ('offoiewool Uiuf 
Swedish filter-paper. C#*llulose c*oniains ^ hyilroK\l .qronp’*, asid therefoiH* 
when ireatisl with stronp^ nilrie acid or a inixiure of nitric and ‘ ulplnirie 
sieids it is converted into a series of nitrie esters, wiceo cnnsl itid inn eis 
proved by the fa<ii that tla^y nitrie aei»} wiien treated with alkalies and 
that under ilu^ action of n'-ducinc auents they split ‘df liieir fiitro|:r,‘n and 
re-gonorato cellulose. ‘ The nitrati<»n may exaeir in severa,! stages, and in order 
to designate the products the molecular hu'uiula <d‘ eellulo.M* Is as*sinic<f to 
he Ci^HoiPki course really a. high padyumr of ilu-i : and iu this 

their formulae are referred. Thus W(^ have celluh^se dinitrate, C| .11 , f).(N(ru 
tetranitratCy and hexunil rate, < V.;^^ ^ ^ iwdier nit ration- 

products than the hexanitrate {*annoi he ohtaiiH‘d. ^Fiiese varitms stapes ra,n 
he separated by means of their solubility in oertain soIvenH, such as alcohof 
ether, angl ethyl acetate; !>ut it is prolndde that tho prodiuds so obtained 
are themselves mixtures and not <‘hemical individuals. They all pf>vsf.ss |ii,^ 
property, %vhich is charactcristi<i of the organic, polyml rates in gouerab ef being 
highly explosives 

The less nitrated <a)inponnds, the di- ami let run if rates, wliicrh are got by 
treating cotton-wool with a mixture of nitri<‘ and sulphurii* acid^ of a iletliiito 
strength, are soluble in a mLxture of alcohol and ether: ami this solution is 
known as collodion. If the solvent is allowed to evapciniie the nitroci-lluhise 
remains behind as a firm and continuous fdm. It is on this property that 
its use in surgery and in the older wet-platfi pixtcess of p!ioti*grap!iy depends, 
A solution of this feebly nitrated cellulose in molten camphor ronstitnies 
the celluloid which is used nowadays for s<i many purpo’^-:, It has I he 
advantage that it can be worked into almost any form, but its ns«* is Nomewhat 
dangerous, since, as we should expect from its c,ompc;sitiom it catches lire very 
readily and binrns with great violence. 

The more highly nitrated eelluloHOs, the totra- to the hexanit raii.% form 
the well-known explosive gumcotton. With compand ivedy fiw and uiiimportaid 
exceptions all modern oKpIosives are made out of nitroiadluloHi^ and nitro- 
glycerine. The history of the development of this branch of applied cheiiiiHtry 
has been described by Will/' from whose pa|x*r ihr^ folk*wiiig faefn jm* 
taken. 

In 184S Schdnbein discovered that cotton, when treated wdtii a mixture 
of nitric and sulphuric acids, was converted without any change^ in iin exhnMiiil 
appearance into a powerful exidosivo, which !ia<l many iidviintageH over 
gunpowder. It was more stable, it burnt without smoke, imd it had ii mtidi 

^ Some so-called rutrocelliilosef? are, liowovur, possUdy nitrates of ijxy-cell «!<>«« » an oxwliitioi) 
product of cellulose. Vignoa, 0. 03. 1. lOSl. 

® Cf. Hake, Bele, Jomm, Chem. Ini. 38. 457 (1300). 

® 268. 



greater explosive power. The first difficulty met with in its preparation was 
th^ complete removal of the*nitrating acids : for if these are not removed, the 
gun-cotton rapidly decomposes, not unfrequently with violent explosions. 
This was got over by Abel’s method (1865) of grinding up the nitrocellulose 
with water and then compressing it. 

The next difficulty was firing the gun-cotton. The ordinary method of 
firing by a timn of gunpowder through the touch-hole frequently failed to do 
i^ore than make it burn away rapidly, Nobel overcame this in 1864 by using 
a small initial charge of black powder, fired by a silver fulminate detonator. 
Tie soon found that the detonator alone was sufficient, mthout the initial 
charge. The same method could also be used to fire nitroglycerine, which 
had been discovered about the same time as gun-cotton (Sobrero 1848), but for 
nearly twenty years afterwards had not been employed as an explosive, owing 
to the peculiar difficulties which it offered, from the fact of its being a liquid. 
In 1865, however, Nobel showed that ^ Eneselgur ’, a fine porous infusorial 
earth, would absorb three times its weight of nitroglycerine to form a substance 
of the constituency of putty, which was easily packed into cartridges, and 
was much less sensitive to blows than nitroglycerine itself. This^he called 
dynamite. It at once came into use on an enormous scale for blasting 
purposes, as is shown by the following figures, which give the total production 
of dynamite in the world ; 


1867 

11 tons 

1874 

3,000 tons 

1899 

. 62,150 tons. 


The Kieselgur which is used in dynamite to give a solid consistency to 
the nitroglycerine is of course a perfectly inert substance and diminishes 
correspondingly the energy of the explosive. Hence Nobel endeavoured to 
replace it by some solid explosive. In 1878 he found that if collodion, 
a solution of the less nitrated cellulose in ether and alcohol, is mixed with 
nitroglycerine and the solvent allowed to evaporate, an indiarubber-like mass 
of great explosive energy is formed. This constituted his ^gelatinized dynamite’, 
which soon replaced ordinary dynamite to a very large extent. Shortly after- 
wards he found that nitroglycerine would ^ gelatinize ’ with nitrocellulose 
without the employment of any solvent at all. The cellulose does not dissolve, 
but it absorbs the nitroglycerine and swells up in 4}he same sort of way that 
gelatine does when treated with cold water. Ballistito and cordite are explosives 
prepared in this way. 

The use of these explosives for guns was at first impossible from their very 
high rate of combustion. In order to secure the maximum velocity for a given 
strength of barrel it is necessary that the pressure of the gases should not be 
put on too suddenly, but should continue to rise as long as it can act on the 
projectile : in other words the charge must go on burning as long as the shot 
is in the gun. Witlfthe increase in the size of ordnance difficulties arose in 
this way evexi with the old black powder, and the rate of combustion of 
nitrocellulose is far higher. It wac* therefore necessary to find some means 
for making the rate of combustion slower, and, moreover, for regulating it to 



tilt* particular valur fur Xt»%v it ha,'^ nliawii tiial 

im uxplosiyii Htaiifd in a uf jjipvdihni prof‘»-r»lN in lauirrmric 

Hp!iuri‘H from the |KHiii of aiui lauico it is filiVuun ihal it' tho suli.siauei- 

in *‘uf. up into tliiu strips tlir rat<j of .I* will hi* In 

IliiH tvuy ilio \v«u’o nually 4>vorroiuo* and it uas Idunfl possllila 

to uss* lliu nil nwpo Will H*s tor i-auuoiu as %vcil as for iuiiiiiu* purpo.M |f i- p* 1 ^, 
lUil ii‘od that tho :;‘1ah’ui/rd powiliU's an* pf*<‘uliarly Miiialdi' fur iiiodiliautirii 
ill this way: iiol luily Ikh’suiso Ihoir <'onsi-.tuiiry lualo-s *d uu.-a tu Lpvo ilu^i 
any rt‘«'|iiirod forup biii also, wliirh <*you umu*o iinportuia, iitH'auHo ild.s fdria is 
rcduiiu‘il during tlio ('XploNioii : wdioroas pinvdors <»!“ a iiiuro ur I* ^‘ry-iallihi* 
i'lairac.lor* tiki' Idaok powilor^ arti krokon up hy flu* pros-iuro of tlii‘ gasos iap> 
fiiHi/ partieli.rs, aiul thus the offeci of ilu* tonu wdiieli is originally givtat tu 
tliuiii is largely dcsferoycsl 

Aav/I Mih'dif^s 

A recently diseovereii class* <d' nitric aci<l derivatives are lie* idt rates of the 
acid radicles, such as acetyl nitrate, (ILj-C’O'ONOh, and heii/ovl idindw 
C,;li;r0O*O'NO.j;. They are made by tlio action of nitrogen penlo\id«' on the 
acid anhydride, or of silver nitrate on ilu» acid chloride, in the cold. AciSyl 
nitniio Is a fuming colourless liquhl, boiling at 22'^ under a pn*ssure of 77 uuu. 
Benzoyl nitrate is a yellow oil. 

They resemble the acid chlorides in being violently doc»uapOhcd by water 
into the organic acid and nitric acid. They explode on stukleu heating, and 
are very powerful nitrating agents. 

Another mixed anhydride of acetic and nitric acids is the soocalled diucotyb 
ortho-nitric acid, “ (CH 3 *€ 0 * 0 h-N( 0 H)^, which is formed by the aid ion of arelie 
anhydride on nitric acid. It is a lirpad boiling at 128 , and k also a powt*rfuI 
nitrating agent. 

I FraBcis, /JXS. 1006. 1; Mm\ 30, 3798; JButler, /)>r. 30. S.HC4 I ; FwtfU Kleitiiakw 
{/. M, 144, 210 ; Ber. 40. 1163 (1907 j. 

" Kctefc, 0. 02. il 1488 ; 03. ii. 419, 1108; Pictet, Genequaad, Ikt, 3S. 



DIVISION II 

BODIES CONTAINING ONE NITROGEN ^TOM 
ATTACHED TO CARBON 




CHAPTER II 

AMINES 


All these bodies may be regarded as derived from ammonia or hydro- 
xylamine by the replacement of hydrogen by organic radicals : or from 
nitrons or nitric acid by the replacement of the hydroxyl. The various 
classes will be dealt with in order, beginning with the most highly reduced, 
that is, the derivatives of ammonia, the amines and amides. 

By replacing one, two, or three of the hydrogen atoms in ammonia by 
hydrocarbon radicals we obtain the three classes of primary, secondary, and 
tertiary amines. Moreover the nitrogen may become pentad, and so we may 
have a. fourth hydrocarbon group attached, giving rise to the quaternary 
axnmonium compounds. 

The iirst amine to be discovered was aniline, prepared by Unverdorben^ 
in 1826, by the distillation of indigo ; its constitution was made out by 
Hofmann “ in 184B. Of the fatty amines, the primary were discovered by 
Wurtz'* in 1848, who prepared them by the hydrolysis of the isocyanates: 
and the three other classes by Hofmann,^ by the action of the alkyl halides 
on ammonia. 


Methods of Formation 

1. Hofmann’s method, by heating the alkyl halides with alcoholic 
ammonia: — 

OJIJ 4 NH 3 - 

C,H,I -1- - (C,H5),N.HI 

0,H,I 4 

lliis method cannot be used with aromatic halides on account of the 
tirninoss with which the halogen is attached : unless negative groups (such 
as niir(.-groiij)s or oilier halogen atoms) are present, whereby this firmness 
is diminished. 

Both primary and secondary alkyl iodides can be used in this reaction ; 
but tertiary cannot, as they give no amino, but lose hydriodic acid and form 
alkylenes. 

This roiiction gives rise to a mixture of all the four classes of derivatives, 
for which S|)edal metli^ids of separation are required, which will be discussed 
later. The propc^rtions in which the various possible products are formed 

^ Aim, 8. 3^7. * 4V. 37. ^ Ami. VI. 330. 

< Ami, V3. n (1850) ; V4. 150 (1850); VS. 253; V©. 16 (1851). 



(‘oriBiitutes u Vi*iy complicatt'^d thoy ’ 

partly }y lla* r«*!utm* fd n’a*'fioii c»t ih<‘ 

pri,Hiu<*iH, anil partly l>y I1 m‘ H<duhiliUi*s of tin* s!il>sfaiH‘«‘S in ihr* aolvimt 
i*mplny<*d. In mim a snilahl*- Bcinrtinn t»f <'na!4i‘,s fim* ta 

nliiain mainly Hit* pariimilar hnH<‘ ri‘»pur<*»l : I*nl uiinn {.i-*. in tlii^ «/aa- of ilii* 
oi.liyl amiiMf.s) a nuxturn of all pns^^ihlo a’tjlrdanri'>< Ia :n>i. laiihi affta*- 

wards bo Bopnratod by o.homkal nioan'^. 

A imaiifinatinli id“ ibiH luolhod is to boat IIm* atrohols to ribo L*r,o 
iho compouiKl of zinc cblorido ami ammonia’:''’ 

K-Ol! a Nir. n-XIb, ' 11,0. 

Tin* aromatic amincH can ibn.s bo obtaiia'd from iln‘ pbonob^ al about :ibfK 
This reaction Is used for preparing annnos of tho napblbalom* 

It is also possible to prepare nielbylamine by flu* diroel aikylafimi of 
ammonia in aqueous solution with methyl sulphatt* in presem-o of alkali. 

2. There iim a scries of reactions which depend on “tariiiiL; wiili an 
imidO'Cornpound whose iinide liydioaen atom can be r«*plat*ed by a nnlal. 
If this ^metal is replaced by an alkyl group and tiie body so funaed' h 
‘saponified, an amine is t>btaimMb Tlnu’o are ihret* impiuijmt r^cMdiiMis of 
this kind. 

m By boiling the iMJcyanic esters with pntasln Isocyanie aidd i-, tiic 
imuhi of carbonic acid, as urea is its amide : - 


. Oil .NIL 

*^011 \Ni£, 

Carbonic acid Urea 


(LO Nil or 


li e lb 


Isocyanit' iwiil 


Silver {iBo)cyanato acts on ethyl itKlide to givi‘ ethyl is^ii^yanaie, tmd ihi.- 
hydrolyses to ethylamiiK* and carbon dioxide ; 


C,H,.N=:C=0 4 II/) OJI/NII, 4 CO,, 

It was by this reaction that Wurtz discovered the fatty amines in JHbs, 

K Similarly the isocyaniiles when ireattnl with alkali give the atnine aimi 
formic acid: — 


G,HyN=a 4- lip « CJl,-NIL f II4XbO!h 

c* A method much^used in recent years for obtaining amines whirh an* 
otherwise dijBfictilt to prepare, is Gabriers phthalimklo reaciiom J'^hihaliii’iitle 
is prepared from phthalxe anhydride and ammonia gas. If it is dissolved in 
absolute alcohol and treated with alcoholic |ioiaHln |Hitiissium plilliidiinhlti 
precipitated. If this is treated with, say, ethylene dibromidi^ in molecular 
proportions, the metal is replaced by tho group I dir - 

CCcO^^'^ + Br.GHa-CH.j-Br - (^(^^>N-OlI, CHJ}r ^ KBr. 


‘ Knner, tranz, Ser. 38. 1589 (1907). * s Mere, Gasiorowaki. Hnr. XT. 623 (W80 

“ Burmann, Bull. Soe. [S] 35. 801 (1906;. 



Alkylamines: Formation 17 

When the product is treated with fuming hydrochloric acid it splits up into 
phtlmlic acid and brom-ethylaSaine : — 

a CO. /%/’COOH 

^>N-CH,OH,Br . 2 H.O - Q(co.oH " 

Eeduction of bodies eontaimng nitrogen doubly or triply linked to 
carbon. (This naturally cannot be used to preimre aromatic amines.) 

Reduction of nitriles: most conveniently with sodium and alcohol. 
(Mendius reaction.) 

C,H,.C=N + 4 H - C^HyCH^.NH^. 

It may also be carried out^ by passing the vapour of the nitrile mixed 
with hydrogen over powdered nickel at 180-220'^, whereby a mixture of 
primary, secondary, and tertiary amines and ammonia is formed, the secondary 
amine predominating. 

/>. Reduction of the oximes : — 

qPj^/C“NOII + 4 H = + II 2 O. 

Tills can also be done''^ by means of hydrogen gas in presence of heated 
nickel or copper, 

A reaction which may be compared with this, though it does not properly 
lielong to this group, is the reduction of the aldehyde-ammonias, which are 
really a-oxy-amines : — 

CH,*C<i: CHaC-OH CH.-C-H * 

^ \NH^ \NH2 

This is used to some extent commercially,^ the aldehyde being mixed with 
acpieous ammonia and the solution electrolysed. 

Reduction of hydrazones: for example that of acetone: — 

+ 4 II - (CH3)2CH.NH2 + H2N^. 

It is a general rule that whenever a liody containing a chain of two 
nitrogen atoms is reduced, they separate from one another. 

4. Eeduction of nitro-compounds. This is of the greatest importance in 
the aromatic series, but it can also be used for the fatty compounds: — 

R-NO., R.NTL. 

b. Finally, there are two very p<jcu!iar reactions loading from the amide 
or azide of an aci<l to an amimi with one atom *oi carbon less. Their 
mechanism will be disfuissed in detail later, 

ft The Hofmann reaction/ starting with the amide. This is dissolved in 
bromine, ami then ^lisiilled with, excess of |>otash. There are various inter- 
mediate stageB,*’ but the result is that the <X> group of the amide is oxidized 
by the bromine to (X)^ and eliminated:— 

RWNIL I Br. H.O - R-NII. -i CO, -f SHBr, 

The primary amine gtes over mixed with some ammoniai, but free from 


^ Sftbatier, SeiKlcreiJS, C. iL 140. 4S2 
'* 03* ii, *i71 ; 04. L 13*1. 


*’ .Mailho, r. /L 140. 16111 ; 141. US (1905). 
hW. 15. 76*2 ';iSS2). ^ See p. 82. 



mini’s- 


secondary and tertiary amines. It is collis'tnd in hydro'dilin’i' a<iii. and 
purified by extraction with al>s<ilut<> ah-idiol, in which anunimintii cltifiritie 
practically insoluble. I'hc yield in the Invver seri.-s is exeelh.nl, iml in Uj,, 
higher is bad. as Iho bromine then removes hydr.M;eu the ..mine fo ibrni 

th<^ nitrilo (reversal of the Mondiiis react ioni. * 

IhGlh.-NH, 1 4r.r IbCSN • 111 Ur. 
h. The t!urtiu.s roaitioii ' is similar to this. If the aeid azide U Imiled witli 
hydrocdiloric acid, it breaks tip into niiroe(.|i. earbonic .aeid, and the amine: 

R.OO-N^, a 11,0 U-Nll, ; GO, ; N 
It luis been shown b}’ Forster that tills reaciieti i- probably due to the 
intonnodiate formation of .an isocyanatf*. which can actually he i,.,ol:ded in 
some cuBos;-- R.CO-N;, -s- N., i O — H-.Nll.. ■= CO,. 


PfOjii rlk^ 


The )>oiling-points of 

soiiio of iht‘ 

siiapier 

auiiot's :u>‘ tpvtoi 

folIowir>g table ® - 

Mono- 

Do 

''rri-aiuirtt*. 

liiethyi 

■' 7' 

•i 7' 

4 ri.r> ‘ 

ethyl 

! lU 

i r)(> 

d po- 

propyl 

4h' 

110 

int; 

i.sopropyl 

' 

H4 ' 


isouinyi 

iWi 

187" 


n-octyl 

170' 

:107 

oot; 


The lower mombers .are very soluble in water, and have a .Hinell re.seni 
bling that of ammonia, though often very unphatwant. They are not easy f(» 
distinguish from ammonia except hy tho fact timl tln^y hum : it was in this 
way that Wurtz discovered that the gas he obtained from ethyl h .«-y.atiat.' 
was not ammonia, as he had far some time siipposed. As the molecular 
weight increases, the smell and the solubility in w.ater diininish. 'I’he 
alkylamines are distinct bases, ■* with an alkaline reaction to litimts, and they 
absorb carbon dioxide from the air. Those properties are not shared by the 
aromatic amines, which am imicli less Itasic. In fact the successive intro- 
duction of alkyl groups into ammonia increases tho hasirity, while that of 
aromatic groups diminishes it. 

^ The alkylmnines precipitate tho hydroxides of many metals from solutioiiH 
of their salts, but not always the same metals ita ammonia. They form stable 
salts with mineral acids. It is remarkable that ilantzscli" has found by the 
boiling-point method tliat the molecular weight of dimethyl ammonium 
chloride, (CHj^jjNHaCl, dissolved in chloroform is in a 1 per cent, wdution 


' J. C. 1»0». i!(8. 


' £er. 2V. 778 (1894) ; SS. 1166 (1896). 

5 Mayor, Jacobaon, Lehrh. X. 1. S64. 

‘ At low temperatures (-70°) they seem to bo, capable of forming acid saiOt with two or three 
Kororynski, Her. 41. 4379 (1608); Kaufler, K«na. Ber. 48. 

‘ Str. am. 104A (1905)^. 



Choline^ Taurine 


33 


a product of the decomposition of lecithine. Lecithine is a compound of 
choline, glycerine-phosphoric acM, and stearic and palmitic acids, which is 
widely distributed in the animal and vegetable kingdoms, occurring in the 
brain, the nerves, in blood corpuscles, and in yolk of egg, as well as in the seeds 
of mafiy plants. 

The constitution of choline is shofm by its synthesis from trimethylamine 
and ethylene oxide in concentrated aqueous solution : — 

^ CH;i\ ^ CH.^\ ^tT ^TT 

CH,5-N + = CH’.j-]Sr<^52-OH, 

CH / CHy-CH2 Q-^/ 


•OH 


A more complicated substitution-product of ethylamine of some importance 
is taurine. It is the classical example of the danger of the method which is 
universally employed, of determining oxygen in organic analysis by difference. 
It is got from taurocholic acid, a substance occurring in various animal 
secretions. Taurine was discovered by Gmelin in 1824, and was supposed 
to be a compound of carbon, hydrogen, oxygen, and nitrogen, with the formula 
Twenty- two years later Eedtenbacher found that it contained 
sulphur, and deteimiined its amount. It then appeared that its formula is 
C2H7NS0;5. But as the atomic weight of sulphur is nearly twice that of 
oxygen, the proportions of carbon, hydrogen, and nitrogen requmed by the two 
formulae are the same within the limits of experimental error. 

The constitutional formula of taurine is : — 

CHg.SO.H* 

It is amino-ethyl suli^honic acid, as was shown by Kolbe, wdio synthesized it by 
the following method. When alcohol is treated with sulphur trioxide it gives 
‘carbyl sulphate’, which is converted by cold water into ethionic acid, a 
su] phonic acid of ethyl sulphuric acid : — 

CH2-SO2-O ^ CHg-SO^-OH 


When ethionic acid is boiled with water, the sulphuric acid group, being 
attached to carbon by the oxygen link, is split off, while the sulphonic group, 
being joined directly through sulphur, remains, and we get oxy-ethyl sulphonic 
acid, or isethionic acid, CH^OH-CHg-SO^-OH. When this is treated with 
phosphorus pcntachloride, both hydroxyls are replaced by chlorine, but by the 
action of water on the product the acid chlorine is again replaced by hydroxyl, 
while the other chlorine is unaffected, giving chlorethyl sulphonic acid, 
CH^ChCHo'SOy-OII ; and on heating this with ammonia, the chlorine is 
replaced by NHo, to form amino-ethyl sulphonic acid, which is taurine. 

An aqueous solution of taurine has a neutral reaction, obviously from the 
formation of an internal salt — 

CI-L-iNHI. 

" 1 

? • 

OH0-SO2 

In the presence of metallic oxides it behaves as a weak acid and forms salts. 
It is reconverted by nitrous acid into isethionic acid. 
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Tlieir beluiviour d(‘|H‘rKls iiiuiidy <>n tlu> 
the CJirboiiyl. The sueh 

lire only us suKs, und when >»ei 

to pyraziiies: 

NIL 

" L!f, 

cn, co.(j, ** 


disianee ht*tws*«*a fln^ a iji-.'**' owi-, jUifl 
as aiiuiio-arM'ioplu'nonr d L.-Nlh,, 

fret* oxidizt* ]nut*<;:e <>«' Iv in ihn air 

<i>-C ^ (11 

jfc (’../> 
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The /5-conipoimds art‘ slaldc^ I’he y- and e- hne water a.^ simoi a*-, they are n(*{ 
fr(‘e, tbniiin,^' letrahydro-pyrrols au<i ieirahydro-pyridines ri" p"c| i\ . }% ; e. ; 

(IhC ~NH ^ 

I li, P 1 1 , 1 


Bui the correspon/linn ibnualton nt a 7*ri!iiL( t'emptmad freni <«unuue-ea|>ru- 
phenoiH‘, c/>-CO-(Cn.JvNIIu, d<K*snet take plana Tlie^n reaeuon.a resemhlf those 
of tlio hydnixy-anids, and sng.q:t*st that the amino-kef ones are really enols, 
^•C(OH)*.CIL|<jnu)^rNlIu : a conelushm snpporied by the iuet thai many hod, ioh 
of this class will foriu salts witli alkalies, whieh are in soinr* eases -dahfe in 
a<tucoiis Boliition/*' 


AMlX(^-A<di)H 

Tho carboxyl derivatives of tbe alkylamines, tlio ainiineaeids, are of a***‘Hi 
imporiauco from their dose rolaiionship U> varij»ns protluelH af orauiii^^jHi life. 
They are found in the jnkos of planlB and In aiiimuls. and eonstiiiib^ the 
greater part of the tleeompositLu-pnehnM's of aibumiinml siifniauces ■ white 
of egg^ casein, blood-fibrim silk, gelatine, tKe. '—whether by «!eeay or by tlir^ 
action of acids or alkaticjs. It is thendoro evident that t!n\v fnrm eofihUtneat 
parts of the molecules of these bodiosof fundamental physiolegieui l.airr. 
the investigation of whose structure is mio of the highoht aims of organic 
chemistry. 

For this reason the amino-acklw have for a long time attracted a iHUisidendde 
amount of attention ; and in particular since I8i)l) they iiiivo h«fii sludk,’'<l 
in great detail ^bf Emil Pischer, with his customary ing^'iuni) fiinl siircmH. 
H© has attacked the problem both from the amaytical^aml from the syitthdial 

^ Gabriel, JBer. 40, 264S (1907); 41. 1127, 2010 (19(18). 

2 ^llsLatter, Bode, Mr. S3. 411; v. MiKr, lioM% lb. Sm (1900); littliif, Hoiniiiiler, fkr, 

4,1 R 79 . -I, / ^ f ? 
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side. ^ He has discovered new methods of synthesizing the amino-aeids and 
of building uj> more complicate* molecules from them, and at the same time 
he has greatly extended our knowledge of the decomposition-products of 
the proteins. 

% 

For their formation almost any of the regular methods for making amines 
can be used. The following are the most important: — 

k. Gabriel’s phthalimide reaction, using a halogen-substituted ester such 
as /i-iodo-propionic, which gives / 3 -amino-propionie acid: — 

CcH,<co)N-CH2-CH,.COOEt H,N.CH,-CH2-COOH. 


An important extension of this method has been made by Sorensen.^ 
treats potassium phthalimide with bromo-malonic ester, giving 

G H p/COOEt 

'^0-ti4\co/""V'"CooEt ■ 


He 


H 


The remaining hydrogen of the methylene group can then be replaced by 
sodium, and this, on treatment with alkyl halide, by alkyl. For examine, 
with benzyl chloride the benzyl derivative is formed, and this on boiling with 
aqueous potash has the ester groups saponified and the ring broken, with the 
formation of the substituted phthalamic acid: — 


„ /CO\ /COOEt 
\co/-‘^ “ j '^COOEt 


^ /COOH 


When this substance is heated with concentrated hydrochloric acid the amide 
is saponified, and at the same time one of the two a-carboxyls is split ofi*. 
leaving in this case j^-]>heii5d-a-amino -propionic acid or phenyl-alanine, 


(pCH2‘CHNH.yCOOH, 


Since any required alkyl can be introduced into the malonic ester residue, 
this method enables us to prepare any mono-substituted glycollic acid. 

2 . Fischer has recently ^ developed a still simpler way of making the amino- 
acids through malonic acid. The required alkyl-malonic acid, E-CH(OOOH)2, 
is brominated, which gives an almost quantitative yield of the mono-brom- 
derivative S*OBr(COOH)2 . This loses COo on heating, to form the a-brom-acid 
B-CIIBr*COOII, which is converted into the a-amino-acid by ammonia. 

tk From the keto-acids by conversion into oximes or hydrazones «and 
reduction “ 

)C=N 0 H yCH-NH. 

>c=o 

”-'^>C=N-Nirc/) yCH^NKj + 

4 . By the reduction of nitrile-acids (Mendius reaction). An example 
of the combination of the last two methods is afforded by Fischer’s synthesis 
of a-€-diamino-caproic add, which is identical with lysine, a product of the 
decomposition of proteins. Trimethylene chlorobromide, CH2Ci*OH2*CH2Br, 


^ a 03. iL S3. 


Fischer, Bchmitz, Mer. 39. 361 (1906). 
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Amirio-lxtmes, 

These bodies’ can ho jnade tVoni llu* plitlialiniidi' derival iv'es of tin? fatiy 
acidw l)y acling on thoir chlorides with benzene and iihuiiininin chloride, 
and saponifying the products;— 


HO.GO.(GH,)„.N<^g>C„II. Cl.CO.'(CIL),.N<^0;>G,ir 


CO'., 


<i6-CO-(GII,X,-N<QQ>G,;lI.| -> f/eGO'IGlLl^-NlL. 


Their behaviour depends mainly on the distance between tlu' amino-groups and 
the carbonyl. The ct-compounds, such as amino-acetophenone 9^-G0-Gli..-Nn.,. 
are stable only as salts, and when set free oxidize .spontaneously in the air 
to pyrazines: — 


NH., 

GH,j QO-<}> + ^ 
NH,, 


il 1 4. n A 


The ^^-compounds are stable. The y- and 3- lose water as soon as th(;y ;tre s('l 
free, forming tot rally dro-pyrrols and tetrahydro-pyridines respectively: e.g. : — 


9i-GO-CH„-Cn2-GH2-NH2 


II > 

HC-CI-I,/ 


CH... 


But the corresponding formation of a 7-ring compound from c-amino-capiro- 
phenone, , does not take place. Those reactions resemble those 

of the hydro.xy-acids, and suggest that the amino-ketones .are really enol.s, 
^• 0 {OH).CH'( 0 Hj),('ITIl 2 : a conclusion .supported liy the fact that many bodies 
of this class will form salts 'with alkalies, which are in some eases stiibh* in 
aqueous solution.” 


AMINO-AGIDS 

The carboxyl derivatives of the alkylaminos, the amino-acid.s, are of great 
importance from their clo.so relationship to various products of organized life. 
They are found in the juices of plants and in animals, an<I constituh' the 
greater part of the decomposition-products of albuminoid substancos- white 
of egg, casein, blood-fibi-in. silk, gelatine, &c.— whether by d<‘cay or by tho 
action of acids or alkalies. It is therefore evident that they form constituent 
parts of the molecules of these bodies of fundamental phy.siological imjiorlanee. 
the investigation of whose .structure is one of the higiiast aims of organic 
chesnistry. 

For this reason tho amino-acid, s have for a long time attracted a considerable 
amount of attention; and in particular since 3809 they have been studied 
m ^eat detail by Emil Fischer, with his customary ingenuity and succes.s. 
He has attacked the problem botli from the analytical^and from the synthetical 


a ^127, 2010 (1908). 

41. 872 (19o 5^’ 3222 (1900); Eahe, Schneider, Ber. 
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side. ^ He has discovered new methods of synthesizing the amino-acids and 
of building u*) more complieatei molecules from them, and at the same time 
he has greatly extended our knowledge of the decomposition-products of 
the proteins. 


- For their formation almost any ofi the regular methods for making amines 
can be used. The following are the most important: — 

k. Gabriel’s phthalimide reaction, using a halogen-substituted ester such 
as /1-iodo-propionic, which gives /3-amino-propionie acid:— 


CeH^QO^N-CHa-OHa-COOEt -> HaF-CHa-CHg-COOH. 

An important extension of this method has been made by Sorensen.' 
treats potassium phthalimide with bromo-malonic ester, giving 

r tt p/COOEt 

'^«-^4\co/-"“Y\cooEt ■ 

H 


He 


The I’emaining hydrogen of the methylene group can then be replaced by 
sodium, and this, on treatment with alkyl halide, by alliyl. For example, 
with benzyl chloride the benzyl derivative is formed, and this on boiling with 
aqueous potash has the ester groups saponified and the ring broken, with the 
formation of the substituted phthalamie acid:— 

XT „/COOEt ^ „ /COOH 

I I ^COOH 


When this substance is heated with concentrated hydrochloric acid the amide 
is saponified, and at the same time one of the two a-carboxyls is split oif. 
leaving in this case ^-phenyl-a-amino-propionic acid or phenyl-alanine, 

(;&CH2*CHNH2C00II. 


Since any reqiiix’ed alkyl can be introduced into the malonic ester residue, 
tills method enables us to prepare any mono-subsiituted glycollie acid. 

2. Fischer has recently ® developed a still simpler way of making the amino- 
acids through malonic acid. The required alkyl-malonic acid, E*CH(COOH)^, 
is brominaied, which gives an almost cpiantitative yield of the mono-brom- 
derivative B-CBr(COOIJ)^, This loses CO^ on heating, to form the a-broni-acid 
R*CliBr*COOII, which is converted into the a-amino-atiid by ammonia. 

From fcho keto-acids by conversion into oximes or hydrazones and 
reduction 

>G=NOII 

>C=0 

4. By the reduction of niiriie-acids (Mendius reaction). An example 
of the combination of the last two methods is afforded by Fischer’s syntiiesis 
of a-€-diamino-caproic add. which is identical with lysine, a product of the 
decomposition of proteins. Trimethylene chlorobromide, CH^GbCHo-CHgBr, 


^ C. 03. ii. 33. 


* Fischer, vSclimitz, J*er, 39. 361 (1906;. 
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when treated with potassium cyanide^ under proper conditions ’ykdds g-ejiloro- 
buty ronitrile (trimethylene cyanchloride), CII.>Cl-<^‘JIu-0 1 1 .>( t N’r Th is con- 

denses witji sodiuni-malonic ester- to CN*GIL*CIL4dIL^d This 
was the body with which Fischer ■’ started. Nitrous a<;id acts upon it to 
split off one carhoxethyl group and form the Lsoniiroso-conipouod (oxime), 
which is saponified and treated with souiuni and alcohol. Botli the cyanide 
and the oxime groups are thus reduced, giving e.-f-diamino-caprede acid : - - 
CN.CHyCHyCHyC{NOH)COOEt 

5. The a-aniino-acids are got by the Strecker reaction, the action of ammonia 
on cyan hydrins, or of prussic acid on aldehyde-ammonias 


CH.,x^/OH 


-f mi. 



ILO. 


The amino-nitriles so formed give amino-acids on hydrol^ysis. 

Fischer has shown that ]>y starting with a hydroxy-aldehydo it is possible 
by this reaction to preimro the oxy-amino acids, whicli als(> occur among the 
^lecomposition-products of proteins. Thus from glycollic aldehyde, <Jll .OlbbTlO, 
he prepared a-amino-Zi-oxy-propionic acid/ CHoOH-CilNlL-GOOlI, identical 
with serine, a product of the hydrolysis of silk. In the same way from arahi- 
n<>se,'^ CILOH-(CHOH),CHO, he got the acid 0IU)lT.(0lf(>IIb;Cff'lNIL4J()()H, 
which on reduction gives its aldehyde, iden- 

tical with glucosamine, a body obtained from certain fungi. 


The amino-acids are crystalline substances, geiieraliy <*asily soluble in 
water, but only slightly in alcohol and other. If the NI!\. is in the a-posiiion 
they have a sweet taste in the /^-position this is very slight, in tlm 7 it 
is absent. It is remarkable that their power of acting as foocls for microscopic 
fungi ^ changes in a similar way, tiioiigh in the opposite direction. Moulds 
grow well in solutions of y-amino-aclds, less well in /i-, and har<ily at all in a-. 

They have singularly high melting-points, glyeocolb for cuxampl<\ melting 
above 22(X. They form salts both with aci<ls ami Imes. Tliorcf is r<*ason 
to think that the free acids exist only in the form of intramolecular salts 
such as C 1 L,-NIL 5 

0=0 0 

This structure is indicaj^ed by their neutral reaction, ilieir high melting-points, 
and their iiiBolubility in alcohol and ether. In the case of sonu^ of timir 
derivatives an analogous structure can be proved. Tims betaine, wliich is 
trimethyl-glyeocoll, and may have either of the two formuhia 

.cn. 

“or i “ i^cn;, 

CO-OCH-i 0=G 0 



' Gabriel, Ber. S3. 1771 (1800). 

3 C. oa. i. 985. 

^ Fischer, Leuohs, Ser. 35 . 3787 (19025. 
’ Ber. 35 . 2660 (1902). 


’ Blank, Ber. 35. 3041 (1892). 
‘ V. 02. i. 762. 

' Ber. 36 . 24 (1903). 

8 Ber. 35 . 2289. 
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is shown to have the second formula by the ease with which it splits off 
trimethylamine. ♦ 

When heated with barium oxide the amino-acids split off CO^ and form 
amines:— CHaNHa-COOH == 00^ + CHoNH^. 

When the acids are treated with^ nitrous acid, the normal reaction of a 
primary alkylamine takes place, and the NH 2 is replaced by hydroxyl. But 
if t^eir esters are treated with nitrous acid, by acting on the ester-hydro- 
chloride with potassium nitrite, a so-called fatty diazo-compound is produced, 
which is not a true diazo-compound at all, but contains a ring of two nitrogen 
atoms and one carbon. Thus glycocoll yields diazo-acetic ester : — 


«?<ji 


OHo-NHo + 0=N0H 

' +2 H,0. 

CO.OC2H. COOC2H5 

They are easily reduced by sodium amalgam to amino-aldehydes, the amino- 
group apparently promoting the reduction in the same way as the hydroxyl 
group in hydroxy-acids.’ 

As an example of the properties of an amino-acid we may take those of 
the simplest member of the series, glycocoll, glycine, or amino-acetic acid, 
OH 2 NH 2 -COOH. It was originally obtained by hydrolysing glue with baryta 
or dilute sulphuric acid, whence the name {yXvKvs sweet and KoXka glue). It 
occurs in nature as such, in mussels, more often in the form of derivatives, 
such as betaine, in sugar-beet and other plants, and hippuric acid, in the urine 
of herbivora. It is best obtained from hippuric acid (benzoyl-glycocoll), by 
hydrolysing it with dilute acid to benzoic acid and glycocoll: — 


<;&-C0.NH*0H2-C00H + H 2 O = <5^>-COOH + NHa-CHg-COOH. 


It may also be obtained from chloracetic acid and ammonia, or, by Strecker's 
reaction, from formaldehyde, prussic acid, and ammonia : — 

^ /H /H heated 

HC<?: + HON -> H-q-OH > H-C-NHa ^ HC-lfHa . 

\ON (NH.,) \CN with BaO \COOH 

It is also formed from cyanogen by the action of hydriodic acid, a peculiar 
reaction in which one ON group is reduced while the other is saponified : — 


C=N 

1 

€=]sr 


4 HI 4- 2 II 2 O 


coon 


+ 2 I 2 


+ NH 


3* 


Olycocoll is a crystalline substance with a sweet taste. It turns brown at 228° 
and melts at 232 -230° — nearly 220° higher than acetic acid. 

If treated with alcohol and hydrochloric acid it is converted into its ethyl 
ester hydrochloride, CTL>Nll;>ObCOOEi This is a crystalline body melting 
at 144°, which can ])e sublimed by cautious heating. If it is treated with 
potassimn nitrite in aqueous solution, diazoacetic ester, CHN 2 *OOOEt, is 
precipitated as a yellow ^ii: this was the first known fatty diazo-compound, 
discovered by Ourtius" in 1883. The intermediate nitrite of glycocoll ester, 
CH 2 (NII;.ONO)COOEt, can be obtained by treating the hydrochloride suspended 


1 E. Fischer, Ikj\ 41. 1019 (1908) ; cf. Neuberg, ib. 956. Ber, 16. 2230. 
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in dry ether with Bilver nitrik*. It is uustahh*, and readily lomss water to 
give dinzoaceiic estox\ p 

The hyclrochlorido of the ester when distilled with sodhun carbonate 
undergoes a remark«ablo intivaniolecular cliangis givin.e’ propylamine : 

qiLNIL (?IL>‘N1!. 

I ** - = ! "- + CO,, 

oo.ooji, an. 

This is anaiogoiis to the formation of siilbeiie on healing piieiiyl fiiiiiorate 
or phenyl cinnamate ^ : — 

CH-CO-06 CIL<^ 011*^ 

iin-co-o^ = 

Free glycocoll ester is got from the hydrochloride hy treatment with silver 
oxide, or more conveniently, as Fischer has shown, wnih strong nc|ueous soda at 
a low temperature. It is an unstabl<'‘ lirpiid, B. Pt. 118-9 , with a strong basic 
reaction. It decomposes si)ontaneoiisly, and is saponiikal hy water. 

The 2^ohjpci)t}deH and the stmctiire of i he Protebis' 

The main interest of the amino-acids arises from tlieir relatioiiship to the 
proteins. The proteins are an extremely important class of substances derived 
from living matter, and forming the chief constituents of protoplasm, as well as 
other anixnal and vegetable substances. They are very numc*roiis, and arc* 
obtained from the most various sources; tln^y includes such bodies as gelatine, 
white of egg, casein (from milk), globulin (from blood serum), wliile others are 
got from horn, silk, and so forth. They are all decomposed by boiling with 
acids and in other ways, and by far the most important products of their 
decomposition are in all cases certain amino-acids. The tirsi step towards the 
investigation of their structure is the separation and idcmiiiication of the 
products of their hydrolysis. This is a work of unusual dilhculty. An 
excessively complicated mixture of substances is obtaim d in inmo (thus 

gelatine gives glycocoll, alanine, pyrrolidine-carboxylicj acid, loucim*, aspartic 
acid, glutamic acid, phenyl-alanine, amino-valeric ami amino-i)ulyrie muds, 
together with oxy-amino- and diamino-aeids and other sulisiancos). It is 
obviously not easy to separate and idexitify the constituents of such a mixture, 
many of them only occurring in very small <|uauiiiy: and tlie difli**ulty is 
increased by*'the propoi-iies of the amino-aeids, which are insoluble in ttflior, 
are soluble both in acids and alkalies, and have ik» definite melting-points. 
^ E. Fischer has, however, devised a method hy which they can bt* separated with 
1 comparative 04ise, by making use of the fact that the esters of the iiinino-acids 
I are volatile (at any rate under greatly reduced pressure) without deconpouNif i<m, 

• and that their boiling-points He far apart. As this method hfis been of the 
utmost service we may consider in detail the separation of the products of the 

^ AnscMfcz, Ter. 18. 1946 (1885). r 

^ See the numerous papers of E. Fischer and hia pupils in the Berickte from 1899 <«uvarfla, and 
in the Zeifsehr, T p^^siologische Chmnie. for the same years. Only the more important referenees 
are given in the text. Fischer has summed up tl!h work up to the end of 1006 in a lecture, Met. 39, 
630, Cf. also Kossel, B&r. 34. 8214 (1901), and Cohen, Organic GhmiMrij (1907), chap, xi. 
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decomposition of casein, which is typical of the other bodies investigated. 
Casein is the, protein of milk, a<i.d is made by precipitating milk with hydro- 
chloric acid. 

A kilogram^ of casein was hydrolysed by prolonged boiling with pure 
concentrated hydrochloric acid. From the product the glutamic acid (a-amino- 
glutaric acid, COOH-CH]SrH 2 -OH 2 *OS[ 2 -COOH) was separated as the slightly 
soluble hydrochloride. The residue, containing the amino-acids, was evaporated 
doi\^, stirred up with absolute alcohol, and saturated with gaseous hydrochloric 
acid. This converts the amino-acids into their ethyl esters, which of course 
combine with the hydrochloric acid (owing to the presence of the NHg) to form 
hydrochlorides. The product was then treated with excess of strong caustic 
soda to remove the hydrochloric acid and liberate the free esters. By keeping 
the temperature low saponification of the esters is avoided. The liquid was 
saturated with potassium carbonate to diminish the solubility of the esters, 
which can then be extracted with ether. The mixed esters were then frac- 
tionated under 8-15 mm. pressure, and thus separated into 8 fractions, boiling 
from 40° to 160°, of which the largest (165 gr. from 1 kgr. casein) boiled at 
80-85°. For the further separation of the esters in each fraction it was 
saponified with baryta, and the amino-acids separated by means of their copper 
salts and in other ways. 

This method has been applied with excellent results to the hydrolysis of 
a large number of similar substances, such as silk, white of egg, horn, 
gelatine, &c. In some cases it is necessary to conduct the distillation of the 
mixed esters at pressures not exceeding 1 mm. For this purpose the ordinary 
water-pump is quite useless, as it will not produce a higher vacuum than 10 to 
15 mm. ; and even a mercury-puriip is not much good, because in such cases of 
the distillation of a mixture of substances, where there is always a certain 
amount of decomposition, the gases and volatile bodies so produced tend to 
increase the pressure. To avoid these difficulties Fischer - employs a powerful 
air-pump, such as is used for exhausting the globes of incandescent lamps, and 
interposes between the pump and the receiver a condenser cooled with liquid 
air, by which the more volatile decomposition-products are prevented from 
getting into the pumx>. By these means he is able to conduct the distillation 
imd(U‘ a pressui’o of a third of a mm. or less. The importance of this becomes 
evident when one considers that Krafft has found that a diminution of pressure 
from 15 mm. (the lowest that a water-pump ordinarily gives) to the vacuum 
of the cathode light to mm.) lowers the boiling-point by 70-100 degrees. 

A further difficulty in identifying the amino-acids obtained in this way from 
natural sources arises from the fact that they nearly all contain asymmetric 
carbon and occur in the active forms, whereas the synthetic substances with 
which they are compared are of course inactive, and are usually racemic 
compounds, so that their physical constants are different from those of the 
active modifications. For a satisfactory identification it is necessary to split 
the racemic form into ite active components. This is not easy, because the 
moulds, as we have seen, do not as a rule grow easily in the solutions of these 

1 0. Ol. ii. 691. ' 35. 2158 (1902). 

D 2 
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and their feebly basic an<l feebly acidic character makes it dilfienlt to form 
their salts either with active acids or with active bases. Fiscdier liiicls ^ that by 
Irc^ating tlu^ ainino-acids in alkaline solution with bonzoyl chloride (Schotteii- 
Jhauma,nn reaction) they give the much more acidic lauizoyl derival iv<js (e. g. 
^><tO*NIT-CIL-COOH) which form stable salts with activ<^ ])ases such as hracine, 
which can then be separated into their active forms by fra<;tioiiial crystallization. 
The corresponding formyl derivatives - are even better for this purpos(\ as they 
a, re more easily ])roduced (merely by boiling the amino-acids with anhydrous 
formic acid) and are more easily saponified again after separation, so that there 
is no danger of raeemization. 

Ail the proteins give very similar products on hy<lrolysis. The most 
important are the rdlowing - 


Monamino-acids. 

Oiycine or glycocoll, a-amino-acetic acid. CHj>NHo*COOII. 

Alanine^ a-amino-])ropionic acid, CIL-CTfiNII.j-COOIL 
Fhenvl alanine, a-amino-/:f-phenyl-propionic acid, 

Va,line. a-amino-isovaleric acid, fCtIT,.).Cn-CIINII,.C0011 . 

Leucine, a-amino-isocaproic acid, (Cn,),CII-CH,.CIIN3L.C()f>IL 
Aspartic acid, aminosuccinic acid, COOH-CII^CIINII^-COOH. 
frlutamic acid, a-amino-gliitaric, OOOII'CIL'CILj-CHNlI^-OOOn. 

Hydroxy-amino-ackls. 

ferine, a-amino-Z^-hydroxy-propionic acid, CILOH-CIINII.^.*( 'OOII. 

Tsosorine, /^-amino-a-hydr(>xy-pro])ioxiic acid, ClLNIL-CIIOILLOOIL 
Tyrosine, a-amino-j3-oxyphenyl-j>ropionic acid, HOC,;Il 4 -CIIj CI INH^COOH. 


Diainino-acids. 


Ornithine, a-S-diamino-valeric acid, CHaNIl 2 '(CIl^)o(JIINH.r<X)OiL 
Lysine, a-e.dhimino-cai.roic acid, CH*^Nil.iCJLJ 3 iTmiI,.G<)OIL 
A rginine, cc-aniiuo-^-guanido-valeric acid, 

™SC!.Nll-( N 1 L-C-iOOil. 


TWcnK-yclH’' coinpoinuls. 

iLc— cir,. 

. f . . . " I i 

Proliiio, a-pyrrolidine-cai‘])oxyHc acid, jj ^ OH COOH 

“ NH 

iiong-cH., 

f I 

Oxyproline, hydroxy-pyrrolidine-oar])oxylic acid, || 

" Nii^ 

•C-CH.,.CHNII,.OOOH 


Tryptophane, indole-aminopropionic acid, Q L 


GBr 


* JBer, 32. 2451, 3688tl899); 33. 2370 (1900). 
“ Fieclier, Warburg, Jkr. 38. 3997 (1905). 
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'lliere ai’e also one or two suljpliur compounds, such as cystine, «-aniino- 
/S-thiokctic acid, CHaSH-CHM-Ij-COOH, which is the sulphur analogue of 
serine. The occurrence of the two pyrrolidine derivatives is remarkable, 
especially as they are found to be present in almost all proteins. It is possible 
that they are only produced by secondary reactions, as they have an obvious 
relation to amino-acids : thus proline would be j)roduced by the loss of water 
from a-amino-o-oxy-valeric acid, CHo-CH-COOH 

I " ^NH, . 

CHa-CH^OH 

but there is reason to think that this is not the case. It is especially to he 
noticed that with the single exception of isoserine, all these bodies are a-amino- 
acids, or are simply derived from them. 

Since the proteins are so readily split up into these acids, it is natural to 
expect that we may be able to build up the proteins from them. It is to this 
end that the second part of Fisclier’s work is directed. We can hardly expect 
to be able at first to form the proteins themselves ; for they are the most 
complicated compounds of the whole group, and have molecular weights which 
are supposed to bo about 15,000, and are certainly enormous. We should 
rather try to meet the synthesis half-way, so to speak, and to build up some of 
the simpler earlier decomposition-products of the proteins. Such bodies are 
the peptones. They are the simplest products of the hydrolj^sis of the proteins 
))y the gastric juice and certain other enzymes. They resemble the proteins in 
general behaviour, but are very soluble in water, acids, and alkalies, and are 
not coagulated ])y the ordinary methods. They have molecular weights of 
about 600-— that is to sjiy high, ])ut not excessively so. They have an obviously 
close relationship to the proteins from which they are produced, and to the 
amino-acids into whi<di they are (jonverted by further hydrolysis. The problem 
which Fisch<u- set himself was the formtiiion of bodies resembling the peptones 
from the ct-amino acids. Now it has long been known' that these acids can be 
converted into complex substances of high molecular weight. Thus glycoeoll 
when heated wii.h glyccu'inc gives a so-called anhydride, resembling horn: and 
tiuu'e are many other such cast's. Ihit the products are always amorphous 
l>odies of iudeiinitt* character: tlH> ‘brutal' reactions, as Fischer calls them, by 
which they nvo ])roduced throw no light on their structure: and nothing 
is known as in tiieir rt'laiionship to the natural proteins. It is clear that the 
otily way of aiTiviug ai. ctirtain r(*Bulis is to discover ^methods by which the 
molecules of vnritnis amino-atdds <%‘in be linked up together in successive 
stages to thdiniii'. ciienu'cal individiuiis, whost' structure can he satisfactorily 
ch'termined. 

As to the nature <d‘ the iinkagt^ ther<‘ can he little doubt. It must be 
termed by loss oi‘ watm*. ami it must bt^ easily broken up again by hydrolysis, 
imder the inliuence of mima'a] acids. This indicates that the bodies are of the 
nature of amides. Two aioiecules of amino-acid can o]>vioiisly form an amide, 
which will still have a carboxyl group at on<^ end, and an NH.^ at the other ; so 
tliat the product can again form an amide with itself, or with another molecule 


i'i\ Fisclier, />Vr. 34. 2S68 (lUOl). 
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of amino-acid. In fact, as far as ilio fonnulao ilioro is no limit to the 
process; molecules of any mzi) can huilf: up, with goiKo*ul formula 
K.CHNII>.CO{NH.CHI^0O),,•NII•al^^C0Ol^. To bodies of iiiis typo Fischer has 
given ike name of polypeptides, lie has woi-ked tiirough(nii on iiio idea, which 
all his disco vori os have confirmed, that the natural peptones art! really mixtures 
of polypeptides, ilo has elaborated a series of methofls for tlieir synthesis, of 
which tho most important arc the following. 

The a-amino-acids, and still more easily their esters, can bo made to give 
bimoleeular anhydrides analogous to glycide, iiio anbydrido of gly collie acid. 
Thus glycine yields glycine anhydride, which has been shown to bo a piperazine 

’ XILCIL-CO 

derivative, diketo-piperazine, of the formula L-. It is, in tact, an 

intramolecular double amide. If this is treated with hydrocliloric acid (or 
more conveniently with alkali*), it takes up water and tho ring is broken, with 
the formation of the simple anhydride, NIL/CH^-CO-X 1 b( which 
may be called glycyl-glycine, and is tint simplest poly]H‘|>ii<lo. In ihis way the 
dipeptide of an amino-acid can be made, but for the further lengthening of 
the chain other methods have to bo used. One of those is to treat the dipeptide 
with a-chloracyl chlori<ha which can bo obtained by tho Zelinsky method of 
chlorinating (or brominating) the acid in the presence t>f [>li<»sp]o>rus. This 
adds on the chloracyl group to tho Nil*,. For insiancae glycyl-glycine with 
chloracetyl chloride gives CIIiChCO-NH-CIL.OO-NUTjn.dJfKJll' and when 
this is treated with ammonia the chlorine Is replaced by giving diglycyl- 

glyoine, NIlyCKrCO-NIbCII.-GO-NH.OOyCOOIL This eairthen bo combined 
with chloracetyl chloride again, and a tburth glyeyl group introduceil, 
and so on. 

Fischer has subsequently improved this method by the dis<tovery that 
the amino-acids themselves <*an he converted iiiio ihoir acid <dilorides, 
K‘CH(N lb*,01)C<)Cl, by the action of phosphorus p{mbiclilori<!o in acetyl chloride 
solution. This reaction cannot he applied to the iHilypeptitios Ihoiusolves, but 
their chlor- or hromacyl derivatives, like tiie chloracotyi dorivalive of glycyh 
glycine mentioned above, give acul chlorides in this way, and tlntse of courst* 
condense with the NH^ of a polypeptide, whereby the. process of building up 
long chains is considerably simplifuMl. 

For the sake of simplicity, the glycine compoumls have been used as 
examples of these syntlietical methods ; but Fischer's w<»rk has benm r^xlendotl 
to a large number of other naturally occurrinig amino-acids, and in this way 
he has produced more than a htmdred polypeptides, of the most various kinds. 
The largest hitherto prepared is an octodeca-poptide, containing eighteen amino- 
acid residues/** Its name is l-leucyl-triglycyM-haicvl-f riglyc vM-hmcyl-oci 
glycyl-glycine, its formula is 

NH,OH(C4H,)GOpH*CIIyCO),‘NH-CH{0,n,)GO(Nn.CH*rCOhNn.ChI|C4Hp 
{NH.CH2.CO)8.NH-OH,.GOOH, {048H8oOx,N,8), 

and its molecular weight 121S. It is the compound of largest molecular 

1 JBer. 38. 607 (1906). - Ber. 38. 2917 (1905). 

3 Ben 40. 489 (1907). 
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weight knowB, whose constitution is definitely ascertained. It is soiulble in 
100 parts of water, and very easily in strong acids. 

If Fischer’s view as to the structure of the peptones is correct, these higher 
polypeptides ought to resemble them in properties : and to a very great extent 
this is the case. The typical reactions of the peptones are the biuret reaction, 
the formation of a red colour with petash and copper sulphate : the precipitation 
by phosphotungstic acid : and the hydrolysis to amino-acids by trypsin, the 
pancreatic ferment. All these reactions are given by many of the higher 
polypeptides. At the same time we must remember how extremely compli- 
cated the question is. It is probable that none of the natural peptones are 
single chemical individuals : many of them are no doubt mixtures of a great 
many compounds. But apart from this, the pure peptones must each be made 
up of ten or more residues of several different amino-acids, and we do not yet 
know at all exactly the proportions of these different acids which go to make 
up their structure, still less the order in which they are imt together: and 
yet these two factors must have a profound influence on the properties of the 
product. It is to be hoped that by the study of a large number of polypeptides 
we may get some guiding principles as to the relations between their structure 
and their properties : but this must be a matter of time. Some indications 
have already appeared. Fischer and Abderhalden have shown that the 
susceptibility to ferments is much greater if the bodies are composed of the 
naturally occurring stereo-forms of the amino-acids. It also seems that 
the solubility, which is generally less with the artificial polypeptides than with 
the natural peptones, is increased with the use of the active modifications, 
with the employment of a variety of different amino-acids, and after reaching 
a minimum with an increasing length of chain, begins to increase again. 

One of the most hopeful signs for the success of this investigation is the 
recent discovery that polypeptides identical with those prepared synthetically 
occur among the products of the hydrolysis of the natural proteins under 
suitable conations. Thus fibroin ' (from silk) gives glycyl-d-alanine, as well 
as a tetra-peptide, composed of two glycine molecules, one of d-alanine, and one 
of Myrosine ; and there are several other similar cases.^ This makes it 
practically certain that structures of the polypeptide type form part of the 
protein molecuh^ ; though it is not proved that they are wholly buflt up on 
this typo. Fischer suggests that the piperazine ring (of the double anhydrides) 
may be present, and also that the hydroxyl groups of the oxy-amino-acids may 
play a part in the foimiation of the molecule. All these questions can only be 
settled by mueb birther investigation. 


BENZYLAMINE BASES 


TMs group (consists of those aromatic derivatives which have the amino- 
group in tho side chain. They are prepared by the same methods as the fatty 
amines : by the action *of ammonia on the halides, by the saponification of 


^ Abderhalden, Ber, 39. 75*3, 2315 (1906) ; C. 07. ii. 
Cf. Hougounenq, Morel, Bull. Soc. [4] 3.«1146 ; 
09. i. 1346 : ii. 1764. 


1533. 

a. B. 148. 236 (1909) ; Abderhalden, 
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isocyanates, ]>y (»lal>riors piiihalinii<l(‘ roiudion, Tliey nuiy also ])f* got 

by ilio reduction of tluj nitriles, \vbi<;ii is ofien most, coavf'nioiitly carj*ied out 
})y comlnning tlieni with hydrogen stilphid(‘ io the thio-aiiiid(‘S. and then 
reducing these, -which giv<‘s the amiiu‘ and hydrogen sulphido: 

r/).CN ^.as.NlL, (/).CliyXIL ! H.S. 

In general properiK‘.s they closely reseiubh^ liu^ alkyianuue.^. Tiny lawn a 
siiiell like tliat of aniiuonia, and ar<^ easily solubh* in water. Tho aqueous 
solution has au alkaline reaction and a]>.S{uhs eaihon diexi<Ie iVcuu the air. Like 
the alkylaniines they give alcohols with nit rous aci<], an<l not diazo-ciunpoiinds, 
and -with car}>on bisulphide they form dithiucarbainalos. 

The acidic pheiyi group exerts an iniiuence on tindr bashdiy, though from 
its greater distance much less than in aniline. Thus the {a]>parent| strength 
of benzylamine is about e<|^ual to that of ammonia, tlud is to say much less 
than that of methylamine, Init more than that of aiiiliae. 



(JHAPTEIl III 

AROMATIC AMINES 

The aromatic amines properly so called are those bodies in which the 
amino-groLix> is directly attached to the benzene nucleus. They are formed hj 
the reduction of nitro-coinpoiinds. and as the hitter are easily o]>tamed ]>y direct 
nitration, the aromatic amines arc much more accessible than the fatty, and in 
consequence are far better known. Indeed there is scarcely any class of bodies 
which has been investigated with so much industry and so much success. 
This work has of course been stimulated in no small degree by the value of 
the aniline derivatives as dyes. 

The basis of our knowledge of aniline and its allies was laid down by 
Hofmann in 18-16-1851 in his X'ontributions to our knowledge of the Volatile 
Organic Bases - Considering the very modest means wdiich were then at the 
disposal of the organic chemist, and moreover that he was not able to obtain 
benzene, much less aniline, as a commercial is astounding what 

an immense number of facts Hofmann discovered which are still amongst the 
most important in the whole subject.' ” 

The simplest of the aromatic amines, aniline, is also the most important. 
Thousands of kih>grams of it are made in the great German Victories every 
day. The annual jn’oductioii of aniline and similar bases in 1892 was 8.000 tons. 

Aniline was lirst obtained by Unverdovben in 1820 by the distillation of 
indigo. In 1840 Fritzsche prepared it by distilling indigo with potash, and 
called it aniline from the Spanish word for indigo. In 184*1 Holmann 
showed that this hiiso obtained from indigo was identical with that which 
Kung<' in 1804 bad found in coal tar, and with that which Zinin * had obtained 
ill iS42 ]>y i\w reduction of aiti'obtmeiie. This last method of preparation 
proves its formula. 

Aniline only occurs in v<uy small quantity in coal tar, so this souice. 
whicli was at iii'.st adopted, was very soon abandoned in favour of the 
reduction of niirolieuzeiie, which now the sole method of preparation 
("mployctl. 

As reducing agents several substances have been adox3ted. Zinin used an 
aicoiioiic solution of ammonium sulphide, which is still used in certain cases, 
whore wo want to retlucc one only of several nitro-groups. The reducing agent 
used in cennmerce is iron in prosoiice of hydrochloric, or in more recent times 
of uc(4ic acid. It is not necessary to take more than 5 per cent, of the 
calcuhiied quantity of acid in either case. With hydrochloric acid it appears 
that ferrous chloiide is Ibrmed, which then acts as a hydrogen earner, so to 
sneak, the rest of the iron being converted into ferric hydrate. V'ltli acetic 



^ironialic .imiNCs 




iuiid ilui iron forms IVrric u(;(‘taio, niul l-ho liy<lrog<‘n ovolvf-d rt‘(1u('<‘s some of 
the niirol>eiiz<m(i io uniliii(‘ ; ]>iii ;ii ilio h«*4i iomponj.i uro omployed (the 
mixiun^ is with st<‘:un) iho sail, hniaks up into idrrir iiN'tiraixj which 

is pm-ipiiated, ami acetic acid which serves i,o dissolve iHor(‘ iron. In (uther 
case the reaction may ]Km’<‘i)res<nited a,s <^ousist iijg only In tlu^ oxidation of the 
iron to f<u*ne hydrah* ;tnd the simiiltamsjiis reduction of the lu'i ro hen zone to 
aniline : — 

2 Fe -f 0NO, I II/) ' 2 Fe(OH); -■ 

When Ui<‘ reaction is finished, the Ihpiul is neutralized with lime and 
distilled with stc^ain. The aniline, which forms tiu‘ lowm* layer of the 
distillate, is run off, and the nj)per layer, con.sistin,a: of an afpif*oiis solution 
of aniline, is used to feed the ]>oilers wlu’ch supply tin/ steam for further 
distillations. 

In the lal)oratoiy the r(*duction is .u'(Uieral]y done with tin or stannous 
chloride, in j>resence of excess of strong? liydrodiloric acid. 

Other methods for ]>re 2 >aring aromatic amines an*;-- 

(2) Hcjaline' the halop;*<ui derivativ(*s of tin* aroinatiti hydrocaihons with th(‘ 
<ajm 2 a)und <d‘ calcium chloride and ammonia. This n-quires a very high 
temperatiua* (300 370 ), and gives a had yield, owing to tiu^ firmness with 
wliich the iialogens arc attached to the Ixuiizene nuchuis.^ If tlien^ are nitvo- 
groups on the same nucleus in the ortho or ]>ara position to tiie halogen, the 
reaction goes mncli more <;asily. Kitro-gronps in the meta position have not 
this effect. 

(3) heating the phemds with the, c<»mponnd oi‘ zim^ chloride ami 
ammonia or with ammonium (dilorhhi tr) alxwe 3f)0 . In the <‘ase of cortaizi 
negatively substituted naphthols it is found that tlu'ir eiliers ri‘act (piite easily 
at moderate temperatures with alkyhunines to form snbsiituted naphthyla- 
mines" : for example: -- 

0^,ll5NO,Br«OEi + EINIT, - <.V,IT,K<)Jh-XllEi IIOEi. 

This resemhles the formation of amides fixan the esters and the amiiu's, and is 
a.n <'xami*>h^ of the analogy heiwt‘en the plmtuds and naphthols and the acids. 

Freshly prejjared aniline is a, colourless oily liquid, whi<‘h soon iunrs 
reddish brown when exposed to the air: hut this depends on the formation 
of very simtll quantities of oxklaiiomproducts, whi<di may he nunoved by 
treatment with acetone, with whi<Ii tiiey combimu ' If p<u*feet]y pure, aniline 
remains colourless oxnix when ex])osed to the air for a long iim<?. Ji units 
at *8% and boils at 183-J8Tt At 25' it dissolves 5 jxjr cent. <d water: while 
water at l(f <Ubbo1vos 3 |Kn* cent, of aniline. It is easily soluble in the acpieous 
solution of its hydrochloride. 

Many of its pro 2 )orties are identical with those of the alkylainines : hut 
in many im 2 H>rtant points its behaviour is different. In } particular its basicity 
is weakened by the acidic character of the jlienyl group, wliich is also shown, 
for example, in the comparison of i>henoI and alcohol It dissoIv<\s in mineral 

A lower teniporature is sufficient, and a much better yield obiaiiK^il, if Uu* hal<>i<l couipoimd 
is heated with ammonia under pressure, in presence of a co})per salt. (/. 08. li. 1221 ; 09. i. 
475, 600. ‘-i S'leldola, C 8'. 1906. 1434. 

Cf, Hantzsch, Freese, i?er. 27. 2966 ^1894). 
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acids (and also in organic acids) to form stable salts such as (jfj-NHaCL But 
in contrast to the fatty amines €t has no alkaline reaction to litmus or phenol- 
phthalein : it cannot absorb carbon dioxide : and its minerjal acid salts have 
an acid reaction. It is, however, sufficiently basic to precipitate the hydroxides 
of zinCf aluminium, and ferric iron from solutions of their salts. 

It may be detected by giving a Heep bluish violet with bleaching powder, 
and a fine blue colour with potassium bichromate in presence of strong 
sulphuric acid. 

The aromatic amines, like the fatty, can have the hydrogen attached to 
nitrogen replaced by alkali metals, and by alkyl, aryl, or acyl groups. Sodium 
and potassium dissolve in hot aniline with evolution of hydrogen, to give 
compounds like (p-NHK and 0-NIC. Other such derivatives will be described 
later. 

One of the most characteristic differences between the aromatic and the 
fatty amines is that the aromatic with nitrous acid give the diazo-compounds : — 
0.NII, + ONOH - H,0 + 

The diazo-compounds are of the utmost importance, both theoretical and 
practical. They are capable of more varied reactions than almost any other 
class of bodies, and they form an intermediate stage in the preparation of 
by far the greater number of aniline dyes. Moreover they have given rise 
to a series of investigations which have been of the highest value in extending 
our knowledge of the phenomena of tautomerism. 

The characteristic reaction of the primary alkylamines with nitrous acid 
(giving nitrogen and the alcohol) occurs also with the aromatic amines, the 
diazo-compounds breaking on warming with the greatest ease to give phenols, 
with evolution of nitrogcux. 

This formation of diazo-compounds gives us a means of determining 
nitrous acid volunietrically.^ The nitrous acid solution is titrated against 
aniline hydrochloride solution at - 10°, potassium iodide and starch being 
used as indicator. As long as aniline is present, the nitrous acid is all used 
up in diazotizing it ; but as soon as it is gone, the iodine is liberated and 
coloiu'S the staji'ch blue. The strength of the aniline solution is determined by 
titrating it under the same conditions against potassium nitrite. 

Another reaction characteristic of the aromatic amines is with carbon 
bisulphi<le. The alkylamines react with it very readily in the cold to give 
<hthiocarbami<*. salts: — ll . 

CIIaNH, C=S ^ 

ClL.NHa S CH^NHg-S/ 

The aromatic amines do not as a rule x’eact in the cold at all. They do so, 
however, readily on heating, but then they split off hydrogen sulphide, and 
form disubstituted thioureas: — 


9!>-N<g 

0-N<i 


+ S=(?=S = 


+ HaS, 


’ Vignon, Bay, 0. B. 135. 507; 0. 02. ii. 1094. 
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iho prcxiuct in this cast* o-cjiH;raiIy known us t hiot*;irl>uniHfk>. The 

reaction is greatly }iast<‘rie<l ])y ilissolviug ;i sinall (juaniity of snipinir in the 
mixture ; })ut how this a(*{s is noi, known. 

The aromatic amines hav(i a curious reaction with sulphurous acid.’ If 

tiny- are troaied with sodium hydrogen sulphito anunouiu is oxpel|(‘{l. and 

an acid sulphiie (not sulphonate) is foniKHl : — 

E*NIL NalLSO, - lM)*hi(>,Na 4 Nil,. 

These acid sulphites are readily sa]>onined g. hy aIkaU<-s| to coitc- 

spoudiiig phenols, which shows that tlu^ sulphur is attaclasi to cmhon tiirough 

oxygen. Conversely, the phenols ar<; e^mverted into aminos hy i-rcsuinuait with 

aminoniiun sulphite and ammonia, no doii])t with interniodiiite formation of the 

sulpiiite esters, so that the reaction is reversihh^ ihrougliuiii : — 

Bisul[)hit<* Alkali 

Amino Ester Flnmoi. 

< ■ — < 

NJl. XallSO, 

Fatty amines and alcohols do not giv<‘ iiieso reactions at all : and even the 
henzeno derivatives do so much less rea<iily than those of nuphiha]en<\ 

Aniline is very suscepti}>ie to oxidation and gives various products, which 
will be disciisBe<i later, in dealing with the general <|uestion of the oxidation 
of amines. 

On the other hand it resists reducing agents strongly, as is sliown })y its 
ready formation from niirohenzene. It cannot he cc>nv<}rted into its hexahydrO' 
conipourul, though this body (exists and can be pn^pared hy indinKd methods. 

HUBSTITUTEi) ANILINES 

The very numerous sahsiitution-]H*oductH of anilim* fall into two main 
divisions 

A« Those in which the hydrogen of tht* iNJLj; is • tin!S(» again art* 

divided into 

1. Tho alkyl suhsiitu lion-products (mixed nminesh 

2. Tiio aryl substitution-products (purely aromatic amim*s). 

o, (The acyl-aniliu(‘s : these are amides, and as such will he cemsidert^d 
lat(‘r.) 

B. Those ill which the hydrogen attiudied to tho nucleus is 

A. 1. The mixed alkyl-aryl-amijies may he s(‘condary, ttniiary. or (piai(U'- 
xmry. They are made as in the fatty series hy iieaiing an-iliin^ ^vitli alkyl 
halides: commercially hy iieaiing it in an autoclave with the neeos.sary ah^ohol 
and hydrochloric or sulphuric acid to 1<S0 200*^, when th<‘ nasc<mt alky! (wter 
reacts. In this way the tertiary mixed amines, such as dimethyl-aniline, caii 
be got in the pure state, but not the secondary, as <wen if the caleitlated 
quantities are used, some tertiary amine is formed, and some ainline is liot 
acted on. Hence to isolate the secondary compound s^im method of separation 
must be adopted. The simplest is by means of nitrous acid. The* mixed bases 
are treated at a low temperature in hydrochloric acid solution with seal i urn 

4r 

^ Bucheror, J. pr, Ch. [ 2 ]. 60 . 40 {€, 04 . x. 811 ). 
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nitrite. The primary base gives a diazoniiim chloride, which is soluble in the 
acid liquid: the tertiary gives* the hydrochloride of the nitroso-derivative, 
ON*CoH 4-NE2H01, which is also >soluble. The secondary gives, as an alkyla- 
niine would, a true nitrosamine, 6-NR-NO, which, being no longer basic, is 
insoluble. This is separated and reduced, whereby the nitroso-group is 
removed, and the secondary amine is re-generated. 

Owing to this difficulty it is often better to use an indirect method of 
preparation for the secondary amines. Thus the sodium derivative of aceta- 
nilide has the sodium replaced by alkyl on treatment with alkyl halide, and 
the acetyl group can be split off from the product by boiling with potash : — 




+ CH,.COOH. 


There are various other methods of alkylation, among which the introduction 
of methyl groups by means of formaldehyde may be mentioned. Formaldehyde 
combines^ with aniline to give the so-called anhydro-form aldehyde-aniline, 
which is reduced by tin and hydrochloric acid to mono-methyl- 
aniline, ^•NIT*CH;,. This again combines with formaldehyde in hydrochloric 
acid solution to give which is converted by reduction into 

dimethyl-aniline. In some cases “ it is sufficient to heat the hydrochloride of 
the ])ase with formaldehyde alone to 120-160^ under pressure; the aldehyde 
acts as its own reducing agent, being partly oxidized to carbon dioxide and 
partly reduced to methyl alcohol. (Compare the analogous behaviour of 
benzaldehyde in presence of alkali, giving its acid and its alcohol.) 

The secondary and tertiary mixed amines are oily liquids, which distil 
unchanged. They have no alkaline reaction, as the influence of the phenyl 
group still outweighs that of the alkyl. They give salts with one equivalent 
of acid, and have many of the properties of the piirely fatty compounds. 

Many tei'tiary mixed amines differ from the tertiary alkylamines in reacting 
with extraordinary ease with nitrous acid. They have of course no hydrogen 
on the nitrogen to go out with the hydroxyl of the nitrous acid: but the 
presence of the dialkyl-amino-group renders the para hydrogen on the benzene 
nucleus sufficiently mobile to react. 

(CILJ^NOH + HONO - H.O + 

There are many other instances in which this para hydrogen atom shows 
itself to be extremely reactive: it can combine with many bodies which do 
not react witli ])enzene itself. Thus with benzaldehyde it gives malachite green 
<^.CHO + 2 + H^O. 

This reaction can be made to take place with benzene, but less easily. 

With carbonyl chloride it gives a ketone (Michler’s ketone) 

C0.0I2 + 2 2 hol 

In the same way it will condense^ through the para hydrogen with oxalic ester 
and with ketones. 

The hydrochlorides of the mixed amines undergo a remarkable change on 
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which was di.scov(>rcd by llofiuann. Tf iiu'y aro ni an open 

iubo in a current of hydrochltu'ic acid gns, the jdkyls ,‘iro split off halides; 
thus iho htial products of Uu^ action of hydrodiloru- ;ud<! on diniothyl-a-nilinc* are 
aniline hydrochlorhh^ and lucthyl cldorido. i.hjt if the sa,lt is lieaf<s! alone 
iu a tube to dOO'*, though this doconiposition may Ycry likely occur first, the 
reaction goes further and tiio alkyl is rej>hiccd : not, iiow<Y’'or, <ui the sdinigen, 
but on tiui nucleus. Thus:- 

C!„n,-.-Kii(;jr ..iic'i - ’rici • 

The most important of these mixed amines is dimoihyhaniliiKs the mother 
substance of a whole series of valualde <iyes, such as auramin(.\ crystal-violet, 
methylene I due, malachite green, &e. it has an extraordinary power of 
forming eoiidimsatiun“])roducts, owing to the mobility of the i>ara hydrogen. 
Thus if it is gently oxiclked. for (example, with chloranil (ietnuddoro-quinone, 
CgClifX) or co])]>er chloride, it is coaverhd into methyl viohd-, a, mixture of the 
hydrochlorides of the penta and hexa-methyl derivatives of triamino-lriphenyl- 
carbinol, IIO*C(C,jII.jNlL);.. The linking metliane car])(>n undoubiedly comes 
from the separation of ont‘ of th(» methyl groups as formaldehy<le. If manga- 
nese ilioxide and sul]>hunc acid are used as the oxi<iizing agents, formaldehyde 
can actually he detected. 

The ((ualernary halides are got from the tertiary bases ]>y the action of 
alkyl halide*. But this reaction sometimes occurs with great dificuliy, and 
Bomeiimes not- at all. Thus Fischer ‘ lias shown that anilines iu which both tlu- 
<a*tho“positions to the nitrogen are replace<i, such as 

Nil. aNIL.' NIL 



GIL. 

though they form teriiar}’ laxses easily, wdll not form quaternary cauupounds 
at alL This is obviously a case of stereo-hindrance, and is auadogous to tlie 
inactivity of the dbortlio-suhsiituted henzeu'e acids and ihoir (*sters. jKud 
chlorides, amides, and niiriios. 

When the (piaternaxy salts are heated above. ihKf’, the alkyl groups, as lias 
been mcntione<l, migrate to the ring, oceiqying first th(* ortiio positions, and 
then the para. Tims trimethy] -phenyl-ammonium iodide, gives 

dimothyhtoluidine, methyhxylkline, ami fnally symm<*trical amino-trinudhyb 
benzene, or mesidine. 


The fpuiternary hydroxides, unlike tlie primary, sei-omlaiy, and briiary 
bases, are strongly basic caustic substances. 


A. II. Piirch} aromatic amines 

Diphenylamine, was discovered by Hofmann in 1<S04. It is of 

commercial importance as the source of certain dyes. It is made by heating 
aniline with its hydrochloride to 20(L 

+ ^NH,C1 - ^6,NH + NH^Gl 

^ Ber. 33 . 345, 1967 ( 1900 '.. 
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1 1 ’ 1 ike r>]ienoIs with aiiiline in the presence of zinc 

It can also be made hy . « antimony trichloride. This latter method is 

chloride, calcium chlor , i secondai-y amines, with substituted nuclei. 

by water. « j. i QnlT^lnirie acid eives a deep blue colour in 

It. solution in offoL"a vo.^ Miost. to.t f» 

presence of a trace of i ^ > reaction is due to the formation ot 

latter. It has been , oxidation of the dipheny lamina 

tetraphenyl-hydrazine, ^ ^ 2 , ^ ‘ difficult to prepare and are little 

The purely aromahc “ dissolving sodium in boiling diphenyl- 

known. Triphenylamine, is t,ot by “ i not a base at all. 

amine and treating the prodiict -f g,, ie passed into its 

It gives no salt neVve nature of the 

benzene solution. ‘ ^ jf replace the hydrogen of ammonia 

phenyl group as ,,hich is stronger the more alkyls it 

by alkyl groups, we get a ^ ’ , ^vl) groups produces a eon- 

ssutdns: whilu the (suilius) has. 

tiniious diminuiion of th .«rbon dioxide: dipbenylamine gives 

gives no siilts 9<t 9/11. 

B. Aniline derivatives substituted in the nucleus 

These may be obtained occupy the ortho and 

they are obtained by direct substit , .jn some cases, where 

para positions, in accordance wi i lum ^ ta position is taken 

the reaction is_ carried on in the anilL which is then 

up as well : this must be due o le observed that in many cases of the 

being substitated, but its salt.) substituent first enters 

direct substitution of aniline _ _ p^oi^able that 

the amino-group, and then “ J J ^ a general rule that a sub- 

this ballpens in all cafe . > <f).T^HX) is capable of migrating 

stituent in the amino-group of aiiilm J- less extent the ^ho. 

to the ring, taking up main y ie i ‘ ^ powder, the chloramine, is 

chloraniline, 2iHCl ^ - 

Q p 0” 

01 

c» be eou,.rtea iy Heaehtog powder into oM.r»i«ee, wh.ch go over 
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into o-p-clichloraniline ; and this again gives a chloramine, which changes into 
symmetrical trichloraniline : NPL 



Cl , 


Finally, the chloramine prepared from this tri-chloro-compound, CuHoCl.-NHCl, 
is quite a stable body. The chlorine cannot any longer migrate from the 
nitrogen to the nucleus, because the para and both the ortho positions are 
occupied, and it is not able to go into the meta. 

The i-ate of change of acetyl-chloranilide into p-chlor-acetanilide, 
qi-NCl-CO-CH,. -> Cl-C„H,-NH-CO-CH,., 
has been measured by Blanksma,' the amount of unchanged substance being 
detei-mined by titration with potassium iodide and thiosulphate. The reaction 
is found to be monomolecular ; it takes place more rapidly in acetic acid or in 
alcohol t bflu in water ; and it requires the presence of hydrochloric acid as 
a catalyst. The velocity constant is approximately proportional to the square 
of the concentration of the hydrochloric acid. The reaction is also catalysed 
by light. 

This behaviom- is not confined by any means to the halogens but is common to 
nearly all the N-substitution-products of aniline. It is worth while to collect the 
various instances in which it has been proved to occur, as otherwise the general 
nature of the reaction is Hable to be overlooked. 

Taking the typical form 

CeH5-N<| X.C,;H,-NH,. 

X may belong to any of the following classes : — 

1. Alkyl: as in the Hofmann reaction, e. g. methyl-aniline tolnidine. 

2 . Chlorine or bromine, as in the above example. 

3 . Hydroxyl : thus /3-phenyl-hydroxylamine gives p-amino-phenol : 

4 . XO. Thus methyl-phenyl-nitrosamine gives p-nitroso-methyl-aniline : 

C6H5-N<^g,^ ^cH 4 <nhch,, 

5 . XO^. Phenyl-nitramine, the so-called diazo-benzenic acid, 0*XH*XO2, 
gives a mixture of mainly para- with some ortho-nitraniline, X02'CoH4*XH2. 

6. SO3H: as in (J^-XH-SO^H HSO.-CoHrXHo (o + p). 

7. Acyl. This only occurs with the diacyl-compounds. But diacotaniiide, 
^•X(00*CH-j).,, gives the isomeric acetyl-amino-benzophenone; ’ 

CH.,*GOCeH4.XH.CO.CH3. 

8. XHg. Phenyl-hydrazine, ^XH*XH^, can be converted into ^ra-pheny- 

lene-diamine, H2X-Ct;H4-XH2. / ^ 

9 . -”X~X-^ : as in the conversion of the diazo-afnino-compounds into the 

amino-azo: ^.XH.X:=:X4 H^X-CeH^-Xt^X-^. 

1 .See. Trav. 21, 366 ; 22* 290 (0. 03. i. 141, ii. 241). 
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10. and ) 

11 , 

These two together form the most striking illustration : but it is often formulated 
in a way that conceals its real bearing. Hydrazobenzene, a product 

of the alkaline reduction of nitrobenzene, is very readily acted on by acids, 
giving first a semidine, by the migration of the to the para position on 

the other nucleus:— 

The product is still a substituted aniline, and so a second change occurs, the 
substituent C^Il 4 NH 2 migrating on to the nucleus, forming diamino-diphenyl or 
benzidine:— 

These cases will serve to show how very general the reaction is. It is 
remarkable that in nearly all of them a body of feebly ])asic or neutral or acidic 
character is converted into one of more pronounced basicity. 

The property of giving on direct substitution ortho and para derivatives 
is common to all derivatives of benzene CgH--X in which the compound HX 
cannot be directly oxidized to HOX. This is Crum Browms rule. Since in the 
case of aniline we find that the substituent first enters the side chain and then 
passes on to the nucleus, we may ask whether the same is the case in all bodies 
belonging to this class. The most important substituents X of the ortho and 
para class are NHo, OH, the hydrocarbon radicals, and the halogens. In the 
case of the halogens, this hypothesis is only possible if they assume a higher 
valency in the intermediate compound : and of this there is no evidence. In 
the case of the hydrocarbon radicals, though there is no intrinsic improbability 
of a reaction of this kind, there is also no evidence of its occurrence. With 
hydroxyl, on the other hand, there is direct evidence, though it is not so 
wide as with NH 2 . Thus };)otassium phenyl sulphate is completely converted 
by heating in a sealed tube into potassium phenol-sulj)lionate : — 

C.Hs-O.SOoOK KOSO^-CoHrOH : 

and sodium phenyl carbonate if heated with soda to 200^ gives sodium 
salicylate:— CaHyO.CO-ONa NaO-CO-C„H^-OH. 

Again, in the formation of oxyazo- compounds from diazo-derivatives and 
phenols, there is reason to think that a similar change takes place : — 

(5f>Xo-OH -K fN2-C,H4-OH. 

Whether similar intermediate compounds are formed in the case of other 
substitutions of phenol still remains to be proved. 

In the direct substitution of aniline and similar bodies, it is often necessary 
to ’protect’ the XH 2 group, as it is called, against secondary reactions. For 
example, aniline is very sensitive to oxidizing agents, and therefore, if it is 
treated with a halogen or with nitric acid, the molecule is liable to be completely 
broken up or to undergo complicated reactions, unless special precautions are 
taken. To avoid this, th^ amine group is protected commonly by acetylation. 
Thus, if aniline is to be nitrated, it is first converted into acetanilide, and then 
this is nitrated, and the nitro-acetanilid^ is then saponified by boiling with 
potash, whereby the acyl group is removed and nitraniline obtained. But 
1175 # • E 
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in many cases the presence of a strong acid is in itself a sufficient protection, 
forming the more stable aniline salt. This, iiowever, is liable to affect the 
position of the substituent. For example, whereas acetanilide on nitration gives 
the ortho and nieta-nitro-i)roducts, as we should expect, and aniline itself does 
the same if nitrated with nitric acid alone at very low temperatures, if it is 
treated with nitric acid in presence of a'' very large excess of sulphuric acid, 
it gives mainly meta-nitraniiine. In this case of course it is not aniline which is 
being nitrated, but aniline sulphate. 

The influence of substituents on the basicity of aniline has been investigated 
by Farmer and Warth.^ They determined the degree of hydrolysis of tbe 
hydrochlorides by shaking the aqueous solution with benzene, and observing 
the concentration of the base in the benzene layer. From this the concentration 
of the free base in the water can be calculated, and hence the hydrolysis. 
This does not give the real but the apparent dissociation-constant, as explained 
above : that is, it gives the value of the real K -f- (1 + Z>), where 1) is the 
(unknown) hydration-constant. It is, no doubt, owing to this complication 
that the results show a certain irregularity. The general conclusions are that 
the ortho j)Osition gives the greatest effect, and the meta the least ; and as 
regards the nature of the substituents, the effect is in the order (strongly 
negative) NO 2 , CO. 2 H, Br, Cl, CH^, CH^O (weakly positive). 

Halogen derivatives 

Aniline, like phenol, can be chlorinated and brominated with great ease, 
by the action of chlorine or bromine on an aqueous solution of an aniline 
salt. Iodine can also substitute directly, since the excess of aniline removes the 
hydriodic acid formed. The halogens can also replace one another on the ring 
with singular ease : thus if para-bromaniline is chlorinated,^ both trichioraniline 
and chlor-dibromaniline are formed, some of the bromine of the original 
compound being expelled by chlorine, and then attacking more of the com- 
pound. 

It is remarkable that chlorine and bromine have very little action on 
aniline in strong sulphuric acid solution ; and as far as they do react, produce 
meta-substitution-products. 

In aqueous solution the final product of the action of the halogens is the 
symmetrical (di‘Ortho-para-)tn-halide. To get the lower products (mono- and 
di-haloid) it is best to treat acetanilide suspended in water with chlorine or 
bromine (or if iodine is to be introduced, to treat it with iodine monochloride). 
The first halogen atom goes mainly to the ortho position, the second mainly 
to the para. In this way by starting with aniline it is not possible to get 
beyond the tri-substitution-product: but by starting with meta-brom- or di- 
meta-brom-aniline the tetra- or penta-brom comi:>ound can be obtained, the three 
vacant places 2, 4, and 6 being filled iq). 

The diminution of basicity on introducing halogen atoms is shown by the 
fact that while the mono-halogen anilines still give salts stable to water, 


^ J. C, S, 1804. 1713. 


Eeed, Orton, J, C. S. 190V. 1543. 
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the di-halogeii compounds give salts which, if the acid is volatile, are largely 
decomposed on evaporating ti^ir aqueous solutions (i. e. which are highly 
hydrolysed) : while the tri-halogen derivatives give no salts at all. 


Sidplionie^ acids of aniline 

Aniline is easily sulplionated by concentrated or slightly fuming sulphuric 
acid, giving first the para-mono-sulphonic acid, and then the ortho-para- 
disiilphonic acid. The others may be got by indirect methods: for example 
the meta by reducing meta-nitrobenzene sulphonic acid. They may also be 
prepared by heating the haloid aryl-sulphonic acids with alcoholic ammonia to 
160-180^, as the strongly negative sulphonic group (like the nitro-group) makes 
the halogen more mobile. 

The mono -sulphonic acids of aniline are colourless bodies which crystallize 
well. Unlike the benzene sulphonic acids, which are excessively soluble in 
water, they only dissolve sparingly. Their melting-points are also much 
higher : thus while benzene sulphonic acid melts at 50°, aniline para-sulphonic 
acid blackens without melting at 280-300°. They form salts with bases but 
not mth acids, and hence dissolve in aqueous alkalies and are reprecipitated 
by acids. All these peculiarities indicate that they are intramolecular salts, e. g. 

c;h,o , 

as in the parallel case of the amino-acids. This is confirmed by the fact that 
they cannot be acetylated, while their sodium salts, which must have a free 
KHg group, can. 


Mtranilines 

Aniline can be nitrated directly if it is dissolved in concentrated sulphuric 
acid, cooled to 0°, and the calculated quantity of nitric acid dissolved in a 
great excess of sulphuric acid slowly added. These precautions are necessary 
in order to prevent the oxidation of the aniline. The product is a mixture 
of meta and para-nitraniline with a little ortho. Alkyl and acyl anilines 
behave in the same way.^ 

The nitranilines may also be got by the partial deduction of the poly- 
nitro-compounds, as in the preparation of meta-nitraniline from meta-dinitro- 
benzene with ammonium sulphide. 

The great ejffect of the nitro-group in weakening the basicity of the NH 2 
and its dependence on position were shown by Lellmann^ by a rough but 
ingenious method. He took an equal weight (0*5171 gr.) of the hydro- 
chlorides of each of the three nitranilines, boiled it up with 27 c.c. of water, 
and evaporated the solution to dryness at 75°. The loss of hydrochloric acid 
gives an approximate measure of the degree of hydrolysis. He found that 
of the ortho-nitraniline salt, 63*8 per cent, was decomposed under these 
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conditions, of the meta 8*4, and of the para 18*1. A more exact deter- 
mination ^ of the strength of these bases, by the-increase of solubility of slightly 
soluble acids (cinnamic and p-nifcro-benzoic), shows their dissociation constants 
to be 

ortho 0*01 X 10~^- 
meta 4*0 x’‘10~^^ 

para 1*0 x 10~^2. 

Hydroxy-anilines, or aminopJiemls 

They are obtained by the reduction of the nitrophenols and of the azo- 
phenols or oxy-azo-compounds. The latter are often used for preparing the 
more complicated derivatives, as they are easy to make by coupling the phenols 
with the diazo-compounds. Thus if sulphanilic acid is diazotized and coupled 
with, say, para-cresol, an oxy-azo body is formed which on reduction breaks 
up, as usual, between the two nitrogen atoms, giving amino-cresol : — 

OH OH 

QN=N.CeH,.SO,H QNH, ^ 

CHg CHa 

They are also formed by intramolecular rearrangement from the /3-phenyi- 
hydroxylamines : C6H5NHOH — •» HO*C(;H4*]SrH2. Hence they are often pro- 
duced in reactions which would be expected to lead to the hydroxylamines, 
as in the electrolytic reduction of the aromatic nitro-compounds. 

Their properties are both basic and acidic. They form stable salts with 
acids, and also dissolve in aqueous alkalies. The ortho-compounds condense 
very readily to form a second (nitrogenous) ring, giving, for example, with acid 
anhydrides the so-called anhydro-bases, or benzoxazoles : — 

Ctra' + !/oh, - + ho-co-ch,. 

^\0-C0*CH. 

The para-aminophenols, on the other hand, are readily oxidized to quinones. 
These two reactions are characteristic of the two classes of ortho and para 
di-derivatives of benzene respectively. 

The oxygen esters of the ortho-aminophenols undergo a remarkable intra- 
molecular change,^ the acyl group migrating from the oxygen to the nitrogen, 
with the formation of a urethane : for example : — 

f^O-CO.OEt f^OH 

UNH2 UNH-CO-OEt ‘ 

The change takes place in acid solution, and its velocity can be measured 
by means of the conductivity.^ The salt is partly hydrolysed in solution 
into free base and acid, and it is found that it is only the free base (the 
hydrolysed part) which changes, and that for this part the reaction is mono- 
molecular. Einhorn and Pfyl"^ have shown that it is only the ortho-amino- 
phenol derivatives which undergo this change, and not the meta or para. 

^ Lowenherz, Z, Ph. Ch. 25 . 385 (1898). « Ransom, Per. 33 . 199 (1900). 

® Stieglitz, Upson, Am, Ch, J. 31 . 158 (C. 04 . ii. 91). ^ Ann, 311 , 34 !'1900V 
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That is, the acyl gi-oup will not travel further than to an IsH, attached to 
the next carbon on the ring, ^ut if the NH. is on a side chain, the acyl will 
go further. Thus ’ a benzoyl group will go from the oxygen to the nitrogen of 
salicylamide |i. e. to a nitrogen attached to the next carbon atom but two) : — 

UC-NH, Uc-NH CO-s ; 

6 O 


and Auwers' finds a similar 
ortho-hydroxy-benzylamine : — 


migration to the nitrogen of a substituted 


Br|^OH„Br + 

Uo-cb-® 

Br 




BrY>-CH,-NH® 

U-o-cb-<^ 


HBr 


I 

Br 




iCR>N0*CO.<p 

lOH 


Br 


The intermedkte compound in this case has not been isolated, but there can 
be no doubt that it is formed. The reaction takes place more easily the more 
negative the acyl group and the more basic the nitrogen. 

These facts indicate that the nitrogen attached to the carbon of the side 
chain is nearer for the purposes of reaction than that on the meta carbon 
atom of the ring. (Compare the fact that meta-(iso)-phthalic acid will not 
give an anhydride though the corresponding open-chain acid, glutaric acid, 
does so readily.) The reactivity of the side-chain compound is certainly not 
due to any peculiarity of the open-chain compounds as such: for no such 
migration of acyl groups occurs with the purely fatty derivatives, the 0-acyl 


esters of the amino-alcohols, for example 


CH2.0*C0.^&’ 


being perfectly stable. 


Nor does it occur even with the aromatic side-chain derivatives, if the amino- 


group is on the nucleus and the hydroxyl on the side chain, as in 


Unh; 


whose 0-acyl ester is also quite stable. 


Ilomologues of aniline 

The homologues of aniline (with the alkyl groups attached to the nucleus) 
can be made by reducing the nitro-derivatives of the homologues of benzene, 
in cases where these last can be easily obtained, and will give the required 
nitro-derivatives. Or the corresponding phenols may be heated with the 
compound of zinc or calcium chloride and ammonia. ♦ 

Another method is to introduce the alkyls first into the amino-group of 
aniline, and then transfer them to the nucleus by means of the Hofmann 
reaction (heating the hydrochlorides to 250-350°). The alkyls can only be put 
into the ortho and para positions in this way: but by starting with sym- 
metrical meta-xylidine (1:3: 5), where the two meta positions are already 
occupied, Hofmann prepared amino-pentamethyl-benzene. 

Their behaviour is ^n general that of aniline, except in so far as the side 
chains interfere : thus para-acettoluidide on nitration gives not the para but the 
ortho nitro-compound. 

^ McConnan, Titherley, J, 0. S, 1906. 1318. ^ Ami. 332. 159 (1904); 364. 147 (1909). 
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Like aniline itself they tend to form quinones on oxidation ; and this 
tendency is so strong that if there is a methyl group in the para position 
to the NHj, it is often eliminated. For example, mesidine is very easily 
converted into meta-xyloquinone : — 


]SfH, 




CH, 


O 

CllaxJL/CH, 

O' 


CH., 


6 


In some eases the side chains have unexpected effects, as is shown in the 
formation of nitroso-derivatives from the tertiary amines. Dimethyl-aniline 
of course gives the para-nitroso-eompoimd, 0 — )NMeo, Dimethyl-para- 
toliiidine, )NMe^, gives no nitroso-derivative at all. This is to be 

expected, since the para position is occupied. Dimethyl-meta-toluidine, 
where the para position is free, behaves like aniline, and gives a para-nitroso- 




But dimethyl-ortho-toluidine , 


HONMe,, 


compound, 

CH.> ^ CH3 

though it has the para position open, gives no nitroso-derivative. Nor is this 
the only reaction in which dimethyl-ortho-toluidine shows that for some 
unknown reason the para hydrogen is unusually firmly attached to the nucleus. 
It refuses to give it up either to couple with diazo-compounds or to condense 
with aldehydes: reactions which occur with dimethyl-aniline itself with the 
greatest ease. 

The oxidation of the amines leads to a variety of products, and has been 
investigated in great detail; but it will be more convenient to deal with it 
later, ^ in connexion with the analogous question of the reduction of the nitro- 
compounds. 


BENZIDINE DERIVATIVES 

The diamines of diphenyl are of interest from the peculiar reaction in 
which they are produced by intramolecular change from the hydrazo- 
compoimds : 

h-0“NH-nho-~h 

amino-diphenylamine or semidine being first formed. As usual, it is normally 
the para position that is -occupied, di-para-diamino-diphenyl or benzidine being 
produced. But it is not necessary that the final product should be a benzidine. 
The reaction may stop at the first stage, giving a semidine, or the second 
stage may take place, but in a different way, the substituent (CoH4-NH2) 
migi'ating not to the para but to the ortho position, 

— 01' as it is usually written • 

This ortho- derivative is known as diphenyline. Which of the three possible 
derivatives is formed depends on the substituents present in the two nuclei; 

^ See p. 16-2. 
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in tlie case of liyclrazo-benzene itself tlie products are mainly benzidine, a 
little diplienyline, and no semidijie. 

Many of tlie salts are remarkable for their insolubility in water, and this 
has been made use of for the quantitative determination of certain acids, such 
as sulphuric and tungstic.^ 

AMINO-DI- AND TEI-PHENYL- METHANES 

Some of the amino-derivatives of di- and tri-phenyl-methane are of great 
practical importance as dyes ; and they are also of theoretical interest in 
respect both of their mode of preparation and of their structure. 

The only important class of diphenyl-methane dyes is the auramines. 
They are obtained from a bod}?’ which is also a valuable source of the triphenyl - 
methane dyes, tetramethyl-diamino-benzophenone, known as Michler’s ketone. 
This body is prepared by saturating dimethyl-aniline with phosgene gas : — 
yCl HO-^Meo 

C=0 + = C=0 + 2 HCL 

\ci \0-^^Me,2 

This ketone is extraordinarily reactive, as is also the benzhydrol (secondary 
alcohol) HC(OH) (CeH 4 *NMe 2)2 obtained from it by reduction. The ketone 
condenses with ammonia to give an imine 

MeoNO-^”-0“^^^3 

“ — II 

NH 

whose hydrochloric acid salt is auramine, the purest yellow dye known. 

Of more importance are the triphenyl-methane dyes, which include the 
earliest aniline dyes made on the commercial scale. In 184B Hofmann obseiwed 
that the so-called aniline oil could be converted by oxidation into coloured 
substances. The first dye to be put on the market was W. H. Perkin’s 
^ Mauve’ in 1857: this was an alcoholic solution of the product of treating 
aniline sulphate with potassium chromate. In 1859 fuchsin was made in 
Prance, by oxidizing aniline oil with stannic chloride. 

The processes by which the triphenyl-methane dyes are made are very 
various. They are formed in many quite unexpected reactions, in which 
aniline or an alkyl aniline is oxidized in presence of some compound which 
can supply the linking methane carbon atom. So great is the tendency to form 
compounds of this type, that even if dimethyl-aniline is oxidized alone, one 
methyl group is split off, as has already been mentioned, to give the necessary 
link. 

They can also be made by starting with benzaldehyde, whose CHO group 
supplies the methane cax’bon. If this is heated with dimethyl-aniline, it 
condenses with it with loss of water, giving tetramethyl-diamino-triphenyl- 
methane, the leuco-base of malachite green : — 

HO-NMeo 

-f • = HoO -f <P-G( 

^ HO-NM:e2 ' H^O-NMea 


Friedkeim, ISTydegger, 0. 07. i. 504 ; v. Knorre, ib. 993, 
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or a mixture of para-toluidine and aniline may be oxidized, which gives 
para-leucaniline. 

H-O-NH, ^ /O-NH, 

h,n-o-9h., + -=► H.,N-o-c' 

A H-O-NH, ■ 


Or they can be prepared from Michler’s ketone, or better from its reduction- 
product the benzhydrol. This condenses with aniline to give tetramethyl- 
triamino-triplienyl-methane : — 

H H 

Me.K-O-C-O-NMe, + H-O-NH, = Me,,N-0-C-ONMeo. 
OH Q 

These bodies also appear to exchange their nuclei with remax-kable ease, 
considering that this imiJies the breakage of the link between carbon and 
carbon. Thus’ pai-a-diamino-triphenyl-methane, if it is heated with a large 
excess of ortho-toluidine and its hydrochloride, goes over into diamino-ditolyl- 
phenyl-methane, which when heated with excess of aniline and its hydrochloride 
goes back to the triphenjd-methane derivative : — 

The db and tri-amino-triphenyl-methanes, which are made by the methods 
described above and by many others, are not themselves dyes. They are 
not even coloured. They are the so-called leiieo-bases. On oxidation they 
readily give compounds whose composition is that of the leuco-bases plus 
one atom of oxygen. These bodies have the hydrogen on the metham 
carbon replaced by hydroxyl : they are carbinols or tertiary alcohols, e. g. 
(Me.-^N ^ These again are not dyes, but they form salts with acids 

which are. The colour of the dyes so formed depends on their constitution, 
and can be altered at will within certain rather wide limits by the successive 
introduction of various groups. The main facts wdth regard to the changes 
of colour so produced are as follows : — 

The amino-triphenyl-methanes do not yield dyes at all on oxidation 
(though they may give coloured substances) unless they contain at least two 
amino-groups in the para position. Di-para-diamino-triphenyl-carbinol is d 
violet dye, which, however, is not sufficiently fast to be used commercially 
The tri-para-triamino-eompound is para-leucaniline ; on oxidation it gives 
para-rosaniline, the carbinol, whose hydrochloric acid salt is para-fuchsin, s 
valuable red dye. 

The introduction of substituents such as ISTOg into the nucleus has & 
distinct though not a very great effect on the colour. Noelting and Gerlinger' 
have examined the influence on the colour of malachite green (the salt oi 

^ ‘Vongerichten, Weilinger, C. 04 . ii. 226. 

^ Ber. 39 . 2041 (1906). Cf. Beitzenstem, Bunge, /. pr. C?i. [2] 71 . 57; Beitzenstein, 
BothscMid, 73 . 192; Beitzenstein, Schwerdt, 75 . 369 (0. 05 . i. 1020; 06 . i. 1168; 07 . ii. 1412): 
Bielecki, Koloniew, C. 08 . ii. 876; Finger, J. jpr. Ch, [2] 79 . 492 (<7. 09 . ii. 362). 
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tetramethyl-diiaiiino-lriplieiiyl-carbinol {Me^]S'-C6Hi-)2C(OHjC„H- of substituents 
introduced into the nucleus which does not contain an amino-group. They 
find that if these are in the ortho position the colour is changed towards blue, 
and if in the para, towards yellow: in the meta, little effect is produced. 
Of the substituents examined, chlorine had the greatest effect, then then 
methyl, and least of all methox^T, CH3O. which was very feeble. 

The introduction of hydrocarbon radicals into the amino-groups, wiiich is 
easier, and therefore of greater commercial value, has more influence on the 
colour. The sini|;)Ie diamino-compoiinds (all substituents are para unless 
otherwise stated) are red or %uoiet, but on alkylation they give valuable green 
dyes. The red fuchsin (triamino-) becomes increasingly violet as successive 
alkyl groups are introduced : while the introduction of phenyl groups causes the 
colour to pass over into blue. 

But it is remarkable that if an acid radical such as acetyl is introduced 
into an amino-group, or if it is converted into a quaternary salt by the addition 
of alkyl halide, its influence on the colour is entirely destroyed. Thus hexa- 
methyi-para-fuciisin, wTiose leuco-base is (Me,2N*C6Hi*)3CH. is crystal violet, an 
important dye. On combination W’ith methyl iodide the leuco-base gives 
(Me2N*Cj^H4-),2CH-CeHp[iS'Me3lJ, and this body on oxidation gives a green dye, 
that is, a dye which has the same colour as it would have if the group in 
brackets were replaced by hydrogen, which would give malachite green. 


Constitutmi of the roscmilme diies 


This includes two distinct questions, firstly the constitution of the leuco- 
bases, which has been satisfactorily made out, and secondly that of the salts of 
their oxidation-products, the true dyes, which is more open to dispute. 

The nomenclature of the bodies is rather confusing. There are two groups 
of rosaniline compounds, one with 19 and the other with 20 carbon atoms in 
the molecule. In each we have to distinguish the leuco-lmse, its oxidation 
product (the carbinol), and the salt (usually the hydrochloride) of the latter, 
which is the true dye. The names are : — 


Leuco-base 
Carbinol 
Salt (dye) 


^19 

Para-leueaniline 

Para-rosaniline 

Para-fuchsin 


O2D 

Leucaniline 

Kosaniline 

Fuchsin 


The first question is the constitution of the leuco-bases. Eosaniline was 
isolated and analysed by Hofmann in 1862-3, but our knowledge of its 
constitution is due to the work of Emil and Otto Fischer in 1876-8. Eosani- 
iine had been shown to contain three amino-groups, because it gave a compound 
with nitrous acid which on warming lost all its nitrogen to form a body with 
three hydroxyl groups. Leucaniline gave a diazo-compound which when treated 
with absolute alcohol waar converted into an unknown hydrocarbon CooHig. 

E. and 0. Fischer repeated this experiment with para-leucaniline, the next 
lower homologue of leucaniline, containing one CHo less. This gave the 
hydrocarbon which they found to be identical with trqfiieiiy 1-methane. 
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Thus the key to the solution of the problem was discovered : the compounds 
were shown to be triphenyl-methane derivatives, and para-leucaniline to be 
triamino-triphenyl-methane. It remained only to find the position of the 
amino-groups, 

‘Now benzaldehyde condenses with aniline to give a diamino-triphenyl- 
methane:- + 2CuHvNH2 =' + H.O. 

If this is diazotized the two amino-groups are replaced by hydroxyl, giving 
dioxy-triphenyl-methane : and when this is melted with potash it splits off the 
phenyl grou]) to form dioxy-benzophenone, CO(CeH|*OH) 2 . This compound 
was proved to have the two hydroxyls in the para position by the following 
synthesis. 

Benzaldehyde condenses in presence of potassium cyanide to benzoin, which 
on oxidation yields benzil ; this when boiled with potash undergoes a remark- 
able rearrangement and forms benzilie acid, which on oxidation loses COg and 
forms benzophenone : — 

+ CHO-ijt 0.CHOH-CO‘9 (p-CO-CO^cp 
Benzoin Benzil 

0-C(OH)0 9-00-0. 

COOH 

Benzilie acid Benzophenone 

Starting with anisaldehyde (para-methoxy-benzaldehyde) a precisely similar 
series of reactions can be performed: — 

€H;,0OCH0 + CHOOOCH. CH^OOCHOH-COOOCH;. 

Anisoin 

cH;,oococooocH, ch.>ooc(oh)-ooch, 

Anisil 

Anisilic acid 

-> CH.OOCOOOCHs, 
giving ultimately the dimethyl-ether of para-dioxy-benzoplienone. This ether 
is found to yield and to be formed from the same dioxy-henzophenone as that 
got from the diamino-triphenyl-methane. Hence this diamino-compound, the 
condensation-product of aniline and benzaldehyde, must have the two amino- 
groups in the para position. 

Now para-nitro-ben':55aldehyde condenses with aniline in the same way as 
benzaldehyde itself. The pi’oduet must have the two amino-groups on two 
of the nuclei in the para position, and also the nitro-group in the para position 
on the third, thus 

■ 0 

When this compound has the nitro-group reduced: to lSrH 27 it gives para- 
leucaniline, which thus is proved to have all the three amino-groups in the 
para position, and to be tri-para-triamino-tri-phenyl-methane. 

Finally, if para-nitiro-meta-toluic aldehyde is condensed with aniline and 
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the product reduced, leucaniline is formed, wliieh therefore has the 
formula : — ^ H 



NH, 

Thus the formulae of the ler_ co-bases are determined. Those of the th'e-bases 
(carbinois) are derived from them by substituting hydroxyl for the hydrogen 
attached to the methane carbon. 

We now come to the much more difficult problem of the constitution of the 
salts of the carbinolSj which are the real dyes, parci-fuchsin and fuchsin. Take 
the case of the simplest of these bodies, para-fuchsin. Para-leucaniline is 
proved to be tri-para-triamino-triphenyl-methane. When this is oxidized 
it gives the corresponding carbinol, which is certainly : 

this is para-rosaniline. On treatment with hydrochloric acid it forms the dye 
para-fuchsin. Analysis shows that one molecule of the carbinol reacts with 
one molecule of acid, and one molecule of water is eliminated. The resulting 
compound may be formulated in three ways. 

1. The hydroxyl of the carbinol may be directly replaced by chlorine. This 
would give a haloid ester, in the same way that alcohol gives ethyl chloride. 
This is EosenstiehTs formula. 

2. The hydrochloric acid may add on to one amino-group, and the iSiH;.Cl so 
produced may split off water with the COH, the nitrogen becoming linked with 
the methane carbon. (O. and E. Fischer.) 

8. The addition of acid and loss of water may occur in the same way as in 
the last case, but instead of the nitrogen becoming linked to the methane 
carbon, the ring may become quinoid, and be doubly linked on the one side 
to the methane carbon and on the other to the dyad group =NHoCl. (Nietzki.) 


1 i 

11. NHo NH., 

III. NHoEHa 

i 


0 0 

O.p 

T!-G1 

1 

1 


0 

iO 

ipi 

NH 3 

i-OTIaCl 

^ IHoCI 

Eosenstiehl 

0. and E. Fischer 

Eietzki 


Formulae 2 and 3 differ in the same way as do the old and the new formulae 
for quinone (the peroxide and the diktoene): and as the former has been 
abandoned in favour of the latter in the case of quinone, we may provisionally 
leave the corresponding formula (2) out of consideration, although, as will be 
seen later, there is some reason to think that these dyes may not be strictly 
analogous to the simple qutnones. The real question is between Eosenstiehl's 
and MetzkTs formulae. EosenstiehTs theory, representing the salt as an ester, 
gives a peculiarly simple explanation of its formation from aniline and ear^'‘^^ 
tetrachloride g + GCi^ = .CCl -i- 8 HCl. 
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But the balance of evidence is strongly in favour of Nietzki's view. Por 
example, if para-fuchsin is warmed with potassium cyanide and alcohol, it gives 
rosaniline hydrocyanide, which is certainly a nitrile, having the ON attached 
to carbon thus (NH2C6H4);iC-CN. This at first sight appears in favour of 
Eosenstiehl’s view, which represents it as a simple replacement of chlorine 
by cyanogen. But if so, the product ought to be similar in properties to the 
fuchsin, ^vhieh it is not. The cyanide is colourless, gives colourless salts 
(of the groups) with acids, and does not decompose, as fuchsin does, with 
bases into the carbinol and an alkaline salt. Hence it is clear that the two 
compounds are not analogous in structure, and that in para-fuchsin the chlorine 
is not on the methane carbon. 

It has been urged in favour of Eosenstiehl’s formula that para-fuchsin can 
take up three more molecules of hydrochloric acid to give a compound the 
composition of which is that of the carbinol + 4 HCl - H2O : and that 
therefore the three nitrogen atoms must be trivalent, and that one cannot 
already have formed a salt. But this reaction is really one of the strongest 
arguments on the other side. For in the first place the acid salt so produced 
is colourless (or j>ractically so) and hence cannot retain the structure of the 
original dye. In the second place it is not formed instantaneously but slowly. 
How if its formation consisted merely in the addition of hydrochloric acid to an 
amino-group, this should occur at once : for there is no known case where 
the addition of acid to a tertiary nitrogen atom is slow : and also the product 
should be similar to the original dye. But if Hietzki’s formula is accepted, we 
should expect the formation of this acid salt to be slow, and to be accompanied 
by a loss of colour. For on this formula the dye-salt can take up two molecules 
of hydrochloric acid at once : — 

(H2]SrC6H4)2=C=CcH4=]SrH2Cl (ClHgHCeHJo^C^CcH^HHoGl 

but the third acid molecule can only be taken up by destroying the quinoid 

fi -nr TSJTT 

grouping, e.g. to form (C1H3N06H4)2 =C\q| ? which must take time, 


as does the formation of the quinoid itself, and must destroy the colour, as it 
destroys the quinoid structure. 

Further, there is no reason on Kosenstiehl’s hypothesis why the bodies 
should be coloured at all. The carbinol and the cyanide, whose structure is 
strictly analogous to that w^hich he attributes to the dye, are colourless. But 
the quinoid ring is constantly found to be accompanied by colour, both in the 
quinones themselves, and in at least the majority of their derivatives. The 
tendency of bodies of this type to be coloured is well illustrated by two hydro- 
carbons discovered by Thiele, which have a close analogy to Hietzki's fuchsin 
formula (III), as far as the carbon skeleton is concerned, and about whose 
structure there can be no doubt. ^ They are tetraphenyl-para-xylylene (I) and 
diphenyl-fulvene (II). 

HC— OH III. 


r -pr 

0i 

. 'I . 


II. 


NHoCl 

II ^ 


HC^/CH 

C 


O' 

A 


‘ Ser. 33 . 666 ( 1900 ); ST. 1465 ( 1904 ). 
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The two hydrocarbons are brilliantly coloured. The first crystallizes in 
needles of the colour of powdered potassium bichromate, and gives deep yellow 
or orange solutions. The fulvene derivative forms deep red prisms. The 
analogy between these three compounds shows that we have good reason 
to expect a body with Nietzki's formula to be coloured, Diphenyl-fulvene is 
also of interest as bearing on the question of the formula of quinone and its 
derivatives. The supporters of the older peroxide formula held that in quinone 
the nucleus retained its aromatic structure, whereas on the diketone theory 
it is supposed that this structure is destroyed, and replaced by an arrangement 
of ordinary double bonds. ISTow in dix^henyl-fulveiie there is just such an 
arrangement of double bonds : and a peroxide-like linking, much more an 
aromatic structure, is inconceivable : and yet the characteristic brilliant colour 
remains. This question, which is still very obscure, will be further discussed 
in dealing with the nitrophenols. 

But the most conclusive evidence for Nietzki’s theory is derived from the 
physico-chemical investigation of the change of the coloured rosaiiiline deriva- 
tives into the colourless. Hantzsch^ has shown that the fiichsins and the 
triphenyl-methane dyes in general are electrolytically dissociated in water 
to a high degree. This in itself is evidence that they are true salts of penta- 
valent nitrogen and not esters. Again, we know that when para-fuchsin is 
treated with alkali it is converted into the carbinol, para-rosaniline. On 
EosenstiehFs formula this is only the replacement of the chlorine by hydroxyl. 
But on the quinoid formula it must occur in two stages, a quaternary hydroxide, 
the true dye-base, being formed first : — 


OH 


0 ! 


Para-fuchsin 


V 

NH20H 

True dye-base 


0 


NHo 

Par a-rosanili ne 


Hantzsch has shown that these intermediate compounds really exist. If 
a dilute (red) solution of para-fuchsin is treated with an equivalent of soda, 
the electric conductivity is at first very nearly the sum of those of the two 
solutions separately. Since the solution must contain the ions of sodium 
chloride, it follows that it must also contain th,e ions of a highly dissociated 
ammonium hydroxide. At the same time the solution is still coloured. But 
on standing, and more rapidly the higher the temperature, the conductivity 
diminishes, and with it the colour: till finally, after some hours at low 
temperatures, you get a colourless solution, whose conductivity is that of the 
sodium chloride it contains. This can only be explained in one way. The first 
product of the action of the soda on the para-fuchsin must be the formation 
of a highly dissociated coloured hydroxide, which then changes on standing 
into the colourless non-dissociated carbinol. Hence the fuchsin is not the 
chloride of the carbinol, but of an isomeric basic hydroxide, the true dye-base 


^ Hantzsch, Osswald, Ber. 33. 278 (1900). 
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required by Nietzkis formula. The earbinol belongs to the class of bodies, 
recently found to be of considerable extent^ known as pseudobases : which are 
not themselves basic, but in the presence of an acid are converted into the salts 
of an isomeric (tautomeric) base. 

Eecently a case has been discovered^ in which two forms can actually 
be isolated. Hexamethyl-triamino-dipheiiyl-naphthyl-carbinol when precipitated 
from the salt by alkali and recrystallized from xylene forms dark green crystals 
melting at 260°, which yield red or red-violet solutions, and give the bright 
blue colour of the dye with dilute acids at once. If the body is recrystallized 
several times from ether it is converted into a colourless substance melting 
at 153°, which forms colourless solutions, and only gives the blue colour with 
acids on warming. The two have the same composition, and it is obvious 
that the colourless body is the earbinol. If, as Noelting and Philipp assume, 
the other isomer is the dye-base, we niciy write the formulae of the two : — 


CoH,.N(CH,)o 

CioHo-N(CH,), 
Colourless: M. Pt. 158°. 
Carbinol. 


C:=:0=N(CH;,)2-OH 


Coloured: M. Pt. 260° 
Dye-base. 


But as Willstatter^ has pointed out, the high-melting isomer has a different 
colour from the dye, and therefore must have a different constitution. What 
this may be, we are scarcely yet in a position to consider : but the body 
is evidently more closely related to the dye than is the carbinol, since it is 
converted into it more easily. 

In Hantzsch’s work, the carbinol gradually separated out during the 
experiment: and it might be objected that this separation \vas the cause of 
the diminution of conductivity and colour. But similar results are obtained by 
using solutions so dilute that the carbinol remains in solution, so that this 
objection falls to the ground. By observing the conductivity at definite 
intervals of time it is possible to measure the rate at which the dye.-base goes 
over into the earbinol. From the results of Hantzsch and Osswald Gerlinger^ 
showed that the reaction was bimolecular ; that is, the x^ate of change was 
proportional to the square of the concentration of the dye-base. By using the 
colour as a measure of the amount of dye-base present, it has been shown ^ 
that in the presence of a large excess of alkali (whose concentration may be 
taken as constant during an experiment) the reaction is monomolecular, and 
the constant proportional to the amount of alkali. Hence it follows that the 
rate of production of earbinol is proportional to the product of the concentrations 
of the cation of the base and of the hydroxyl. Hence if the hydroxyl remains 
constant, the reaction is monomolecular: if the two vary together, as in 
Hantzsch’s experiments, it is bimolecular. This seems to be the general 
rule: that where a dissociated substance changes tautomerically into an un- 


^ Koelting, Philipp, Ber, 41 . 579 (1908). Ber. 41 . 1459 (1908). s 3.7. 3955 (1904). 
* Sidgwick, Moore, Z. Ph, Oh. 58 . 385 (1907); J. 0.8. 1909 , 889; Sidgwick, Eivett, ib. 899. 
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dissociated, the Telocity is proportional to the product of the concentrations 
of the two ions. It has been observed b}’ Walker and Hambly * for the change 
of ammonium cyanate into urea, and by Dimroth~ for a similar change in 
certain triazole derivatives. It is natural to conclude that in such cases the 
ions combine directly to the undissoeiated tautomer ; and that in the case of 
these dyes, for example, it is the ion? and not the undissociated dye-base that 
go over into the carbinoL But this conclusion is not certain. The results are 
equally compatible " with its being the undissoeiated base and that alone which 
undergoes the change. For however strong the base is there must be some of it 
undissoeiated : and the concentration of this part will by the law of mass-action 
be proportional to the product of the concentrations of the two ions. If, 
therefore, it is only the undissoeiated base that reacts, the rate of change will 
be proportional to its concentration, and so also to that of the ions : which is 
precisely what is found. The results are therefore equally compatible with 
either view, and at present it does not seem possible to decide definitely 
between them. 

The rosaniline dyes seem to have a certain tendency to go back from 
the coloured quinoid form to the colourless non-quinoid form at very low 
temperatures : for it has been shown ^ that the alcoholic solutions of the 
rosaniline dyes (including crystal violet, but not malachite green), if they 
are cooled with liquid air, become nearly colourless. If an aqueous solution 
is treated with sulphur dioxide, it loses its colour, o\\ing to the formation 
of an acid sulphite “ ; but if an aldehyde is added, this removes the sulphurous 
acid, and the colour is restored. This is Schiff’s test for aldehydes. 

Nietzki’s theory as to the constitution of these dyes is entirely confirmed 
by the behaviour of their salts, as has already been mentioned. Of these 
salts various and somewhat conflicting accounts have been given, but the 
main facts are as follows.^ The compoimds all give at least three series of 
salts, though they cannot in all cases be isolated. (1) The carbinol combines 
in the cold with as many molecules of a monobasic acid as there are nitrogen 
atoms in the molecule, to form a colourless salt. This is obviously (to take 
for simplicity the case of a diamino-body) ^•COH(CoH 4 -!N'H 2 *HX) 2 . In solution 
this gradually changes with loss of water (and probably also of one of its acid 
molecules) into the dye itself (2), for example H2X*C6H4-C0=CcH4==]SrH2X. In 
j)resence of excess of acid this takes up at once another molecule of acid, without 
change of colour in the solution, forming (3) XKHg-CeH^-C^— C qH 4 ==NH 2 X, 
and then slowly a third molecule, by the destruction of the quinoid grouping 

t 

and hence also of the colour, giving (4) XXH;.*C 6 H 4 *C*C 6 H 4 -XH;jX. Of these 

X 

salts all except (3) have been isolated. The last (4) is orange in the solid 
state, but its colour is infinitesimal in comparison with that of the dye. 

• 

^ J. G. 8 . 1895. 746. An}2. 335 . i. (1904). 

^ Goldschmidt, Z,f. Mlektrocliem, 11. 5 {C, 05. i, 451). 

^ Schmidim, C. R. 139 . 731 (0. 05 . i. 96). ^ Diirrschnabel, Weil, Ber, 38 . 3402 (1905). 

® Lamprecht, Weil, Bm\ 37 . 3058 (1904) ; 38 . 270 (1905); Hantzsch, Ber, 33 . 753 (1900). 
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If a solution of fuchsin is treated with alkali and at once extracted with 
ether, a brown substance dissolves in the ^ther which is a quinone imine 
(NH 2 *C,jH 4 )oC=C 6 H 4 =NH, known from its discoverer as the Homolka base! 
Baeyer and Villiger^ have urged that this is the only immediate product of 
the action of alkali on the dye, and that it takes up water to form the carbinol 
without any true ammonium base being^’ formed at all. But this would not 
explain 2 the high conductivity of the freshly prepared solution, nor the fact 
that the completely alkylated dyes (such as malachite green and crystal 
violet) behave in precisely the same way, though they cannot possibly form 
an imine. The imine is no doubt formed in the aqueous solution to a small 
extent by the loss of water from the true dye-base, and being much more 
soluble in ether is removed by it, and then the disturbed equilibrium restored 
by the production of more imine, which is again removed, and so on : just as 
ammonia can be removed from its aqueous solution, for example by a stream 
of air, in the anhydrous form of NH;>. 

DIAMINES 

Some of these bodies have already been mentioned, for example the diamino- 
acias among the products of the hydrolysis of proteins: and the triphenyl- 
methanc dyes are of course di- and tri-amino-compounds. But the important 
reactions of all these bodies are closely analogous to those of the simple mon- 
amino-compounds, and therefore they have been discussed along with the latter. 

The aliphatic diamines differ very greatly from the aromatic, since in 
addition to the differences already pointed out between the alkyl- and ai’ylaniines 
the interaction of the two amino-groups (always an important class of reactions 
of di-substitiition-products) is much affected hy the greater rigidity which 
results when the intervening cai’bon atoms form part of a benzene ring. 


Alij^liatlc diamines 

Methods of preparation. 

1. Erom the di-halogen-derivatives of the hydrocarbons which have the 
halogens on different carbon atoms, by treatment with ammonia, generally 
by heating in sealed tubes with alcoholic ammonia to 100'' 


CIl2Br xxjnLj 


+ 2 HBr. 


NHg _ CHa-NHa 

CH^Br “ CHa-NHa 

In this reaction secondary and teiHaaiy derivatives are formed at the same 
time, either with open chains as NH 2 -CH.,-CH,-NH,GH,-CHvNH.„ or with 
, ^ , . ^CHa-CHas 

closed chains, as NH and the separation of these products is 

difficult. 

the reduction with sodium in alcoholic solution of the nitriles of the 
dibasic acids, such as suceinonitrile, 

CHa-CHa^NHa 
CHa-CHa-NHa’ 


CHa-CEN 
T + 4 H„ 

CHa-CEN “ 


' Mer. 37. 2818 (1904). 


Hantzsch, Ber. 37. 3134 (1904). 
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This reaction gives bad yields of the lower members of the series owing to 
the formation of ring compounds, such as pyrrolidine and piperidine ; but 
this ring-formation diminishes, and the yield improves, as the number of 
carbon atoms increases.'^ 

8. By GabrieFs phthaiimide reaction : — 

Celif + BrCHo-CHa-CHo-Bi- + KN<^g>CoHi 


C;H4 >N-CH,-CH2-CH2.N<^X>CaHi 

^co ^ 


HoN-CHa-CH.-CHo-NII^ . 


4. By a modification of Kolbe’s electro -synthesis. Just as acetic acid on 
electrolysis gives hydrogen at the cathode and a mixture of carbon dioxide 
and ethane at the anode : — 


CHs-COOH 
CHs-COOH - 


+ 2 COj + 


CH3 

CH3’ 


SO " if an amino-acid such as glycocoli is used, a diamine is produced : — 


HoTT-CHo-COOH 

H^N.CK^.COOH 


-rx 

= H., -f 2 COo + ! *" 

CHo-NH. 


5. The substituted a-diamines may be got by the action of secondary amines 
on oxymethylene (formaldehyde) : — 


XX ^ H.NEt, 
H3C=0 jj.jjEta 


= H3O -F H,0<gg;- 


The alkylene diamines are colourless liquids or solids of low melting-point ^ j 
it is to be noticed that their melting-points, like those of the dibasic acids, 
rise and fall alternately, so that a compound with an odd number of carbon 
atoms always melts at a lower temperature than one with one carbon atom 
less : the boiling-points, however, rise continuously. (The melting-points are : 
C2, +8-5%* C3, liquid ; O4, 27°; C.^, liquid ; Og, 42°) They are easily soluble 
in water, and are strong diacid bases, attracting carbon dioxide from the air. 
They have a great affinity for water; some of them form hydrates with 
constant boiling-points, which will not give up their water except on heating 
for several hours with freshly fused potash, or on repeated distillation over 
sodium : in this they resemble hydrazine, 

Mtrous acid converts them into glycols, or sometimes, by loss of water 
from the latter, into unsaturated alcohols. Ethylene diamine itself is converted 
by nitrous acid into ethylene oxide. 

As in the monamines, the amine hydrogen can be replaced by acyl groups. 
Thus, on shaking the alkaline solution with benzoyl chloride, characteristic 


CHg-NHCO^ 

dibenzoyl derivatives are produced, such as T • This is the Schotten- 

Baumann reaction, which is of great importance for isolating and identifying 
various classes of bodies Containing an NH group. 
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The hydrochlorides of the diamines when heated lose ISrH4Cl to give cyclic 
imines, but with very different ease, and .mot always in the same way. 
Pentamethylene-diamine reacts very readily, giving piperidine : — 


, .CH2-CH,*NHoHC1 . 

OIL = CHa ^NH-HCl + NH4CI. 

\CH..CH2.NH2.HC1 \cm.ch/ 


Tetramethylene-diamine gives the corresponding pyrrolidine (tetrahydro-pyrrol) 
CH^.CH.v 

CH. CH Trimethylene-diamine gives a certain quantity of trimeth^dene- 

imine, OH2 /NH, but produces mainly picolines (inethyl-pyridines) by 
a more complicated reaction. Ethylene-diamine does not form any ethylene- 


CH. 


imine. 


2\ 

i j>NH, although this body exists, but only diethylene-diimine, 

KjjLXcf 

^CH2*CH2 v 

NH ylSTPL This is obviously a question of strain in Baeyer’s sense. 

'-‘CHo-CH/ 


the larger rings being the most easily formed.^ 

Some of these diamines are among the ptomaines found in the animal . 
body a short time after death. Such are tetramethylene-diamine or putrescine 
and pentamethylene-diamine or cadaverine. They are probably derived from 
the diamino-acids which are among the constituents of the proteins. 


Aromatic diamines 

These are most easily formed by the reduction of the dinitro-compounds 
or the nitro-amines with tin or stannous chloride and hydrochloric acid. 
They can also be got by the reduction of the aminoazo-bodies, which gives 
a diamine and a monamine : — 

+ 2 H 2 = NH2~0-NH2 + HsiNO‘ 

CH. 6 h, CH, OH, 

They are colourless crystalline bodies, which are much more soluble in 
water than the aniline bases. They form salts yrith two equivalents of acid. 
They are very easily oxidized ,• their solutions are readily acted on by air and 
light. But the solid diamines and their salts are stable and may be kept 
without change. ^ 

Their chemical behaviour depends largely on the relative position of the 
two amino-groups. 

The ortho-diamines are remarkable for their great tendency to form ortho- 
condensation-products ; the two nitrogens joining up through the other body 
with which they react to form a new ring. Thus they combine with acids 
to form the anhydro-bases, cyclic amidines or imidazoles : — 



^ See under trimetliyleno-iinine. 
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These bodies are strong bases, and are thereby distinguished from the true 
amides, such as C0H4(NH*CO* 030)2, which are formed with acids by the 
meta- and para-diamines. Such amides are also formed by ortho-diamines if 
the}’ are treated with acid anhydrides instead of acids, but they are unstable, 
and when heated above their melting-points readily pass into the anhydro-bases. 

Similar anhydro-bases have been obtained^ from the fatty diamines also, 
by heating their hydrochlorides with sodium acetate. In this case a mixture 
of the anhydro-base and the true amide is produced. The proportion of 
anhydro-base is gi'eater the less the distance between the amino-groups. 
Thus trimethylene-diamine gives mainly the anhydro-base, tetramethylene- 
diamine mainly the amide. These results further support the strain theory, 
and they at the same time illustrate the greater rigidity of the benzene ring 
as compared with an open chain ; for the aromatic bodies corresponding to 
tri- and tetraniethylene-diamine, namely meta- and para-phenylene-diamine, 
do not form anhydro-bases at all. 

The ortho-diamines form similar ring compounds with nitrous acid, the 


azimides : — 




These are colourless excessively stable substances, which can be boiled with 
acid or alkali or heated to a high temperature without decomposition. They 
are thus sharply distinguished from the diaz^empounds, and more particularly 


from the enormously explosive azdmaide, which contains the same 


'N 


chain of three nitrogen atoms. This difference also is no doubt due to the 
strain in the ring. 

In the same way the ortho-diamines condense with the ortho-(a)-diketones, 
giving azines or quinoxalines : — 

^ 0 =:^/ 


These, are formed very easily, and may be used to characterize the ortho- 
diamines. The alcoholic solution of the diamine is boiled with an acetic 
acid solution of phenanthrene quinone, when the phenanthrazine 



separates at once, and may be identified by its melting-point and by analysis. 

Finally, ortho-phenylene-diamine is capable of an ortho-condensation with 
itself, forming an azine. If its concentrated hydrochloric acid solution is 
warmed with feriic chloride, long deep red needles of diamino -phenazine 
separate:- ^ 

-NH: Usi/U-NH,' 




^ Haga, Majima, 6'. 03. i. 

F 2 
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The meta-diamines are incapable of these condensations to anhydro-bases, 
azimides, azines, and so forth. Their most -characteristic behaviour is witii 
nitrous acid. In strong hydrochloric acid solution, if the nitrous acid is 

always kept in excess, a normal tetrazo-compound, i® formed. But 

if the neutral solution of the hydrochloride is treated with sodium nitrite, 
a brown dye of the aminoazo-class is produced : — 


0-N=N-Cl + HO-NH 2 0-N=N-<I>-NH2. 

This is Bismarck brown or Manchester brown, the earliest azo-dye (1866). 
Owing to this reaction a solution of meta-phenylene-diamine is turned deep 
yellow by a trace of nitrous acid, a very delicate test for the latter. (It is 
to be remembered that the best organic test for nitrous acid is meta-phenylene- 
diamine, and for nitric acid, di-phenylamine.) 

The para-phenylene-diamines are distinguished by the ease with which they 
form quinones : — 0 

0 ^ O'- 

1 a 

NH 2 0 

Also when treated in dilute acid solution with hydrogen sulphide and ferric 
chloride they form violet or blue dyes (Lauth’s violet). 

It is to be noticed that the reactions of the ortho-diamines in giving 
ortho-condensation-products, and of the para- in giving quinones, are character- 
istic of the ortho- and para-di-substitution-products respectively in many other 


cases as well. 

Compounds containing more than two amino-groups attached to a benzene 
nucleus are not of great imi^ortance. They may be prepared by nitrating the 
acetyl-derivatives of the diamines and reducing. In this way compounds up 
to penta-amino-benzene, C(.H(]S[H 2 ) 5 , have been made. Attempts to prepare 
hexa-amino-benzene, CG(]SrH 2 )G> have not been successful. Ti'initro-trianiino* 
benzene can be made, but when it is reduced one nitrogen is split off and 
penta-amino-benzene formed. This looseness of attachment of the nitrogen 
is characteristic of these poly-amines. Thus triamino-mesitylene, when its 
hydrochloride is boiled for four hours with acetic acid, has one NH 2 replaced 
by hydroxyl,^ 

Ce(CH3)3(NH2)3 C,{GTLM^^2)aOIL. 

Also, as the number of amino-groups increases, the compounds become 
more soluble in water, and more unstable and readily oxidized. 


QUINONE IMINES AND DIIMINES 

These form a group of compounds closely allied to the diamines, which 
are of considerable theoretical importance, They are derived from the quinones 
by replacing the oxygen by NH or substituted NH, The first to be prepared 


1 Wenzel, 0 . 02. i. 185. 





Quinofie Imines and' Diimincs 

were the cMorimme ChK— < >~Q and the dichiorimine ChX=<^)=X*Cl 
They are got by oxidizing para-Ojpaino-phenoi and para-phenylene-diamine with 
bleaching powder. They are respectively yellow and colourless crystalline 
bodies ; they are volatile in steam, and are decomposed by dilute acids to form 
ammonium salts and quinone. ^ 

Many vain attempts were made to obtain the mother substances, the 
inonimine 0=CeH4=NH, and the diimine until recently 

Willstatter ^ succeeded in preparing them in two ways : firstly, by treating 
the dichloriiiiine wuth hydrochloric acid, which acts as a reducing agent {like 
hydriodic acid), as it does in other cases with chlorine attached to trivalent 
nitrogen : probably an intermediate addition-compound is formed : — 

-f 2 CL ; 

secondly,® by oxidizing the amino-phenol or the phenylene-diamine in ethereal 
solution with silver oxide, or in some cases with lead dioxide. 

The bodies are very difficult to isolate, and can only be prepared if the 
materials are absolutely dry. The best known is the diimine 

mi 

w 

0 - 

W 

It is a colourless crystalline substance, whose solutions are colourless at first, 
though they soon become coloured owing to decomposition : its molecular 
weight in acetone solution (as determined by the boiling-point) is that of the 
simple formula. It is explosive. It is easily reduced to para-phenylene- 
diamine, and when treated with dilute acids it breaks up into ammonia and 
quinone. It is not acidic but is weakly basic, forming a colourless hydrochloride. 

The monimine, O—CeHFNH, is similar, and is also colourless ; but it is even 
less stable, and explodes spontaneously in a few minutes. 

By the oxidation of the methyl-p-phenylene-diamines Willstatter ^ obtained 
the methyl- and dimethyl-diimines, which likewise are colourless and explosive ; — 

and CHsN^CcHfNCHs. 

The absence of colour in these compounds is important, in view of their 
undoubtedly quinoid structure. It is commonly assumed that all quinoid 
compounds are coloured, like the quinones themselves^* and there is even a 
tendency to suppose that nearly all coloured aromatic derivatives contain a 
quinoid ring. But these views require to be reconsidered in view of the recent 
discoveries on the one hand of quinoid substances (like the imines) which 
are colourless, and on the other of coloured bodies closely resembling the 
(supposed quinoid) aromatic coloured compounds, which cannot contain a 
quinoid ring because they are not aromatic derivatives at all. 

The causes which determine the absence of colour among these quinone 
derivatives are not understood. It seems certain that the simple quinoid 

^ Willstltter, Mayer, Ber, 3V. 1494 (1904). 

^ Wilistiitter, Tfaimenstiehl, Ber, 3V. 4605 (1904). ^ Ber, 33. 2244 (1905). 
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compounds form two series, one coloured, like the quinones themselves, and 
the other not. On the other hand, these bodies are capable of a further increase 
of colour, which must be accompanied by some structural change. In the 
triphenyl-methane series, for example, the feebly coloured Homolka bases go 
over on treatment with acids into the brilliantly coloured dyes. This is 
generally represented as the passage of trivalent into pentavalent nitrogen : — 

But there is much evidence to show that the change of valency of the nitrogen 
is not sufficient to determine colour : thus the diimine salts are colourless. It 
is clear that the influence of a pentavalent nitrogen atom on the colour 
largely depends on whether it still has a hydrogen atom attached to it: if 
it has, then the effect on the colour is much the same as if it was trivalent ; if it 
has not, then its effect is usually quite different.^ The conversion of the group 
-!NX2, where X is a hydrocarbon radical, into -'NXgHGl does not seem in 
general to influence the colour, but its conversion into -NXgCl does so in 
a very marked way. Of this we have an example in the quinone imine 
derivatives which we have just been considering, and another (curiously in 
the opposite direction) in the rosaniline dyes, where the change from “-XEta 
to “NEtaHCl is without effect, while the change to -NEt^Cl destroys the 
influence of this group on the colour altogether. This is one of the phenomena 
which suggest that there is a difference in constitution between bodies of 
the type E3NHX and those of the type R^lSfX.” 

We must therefore look for some other change of structure in the con- 
version of the Homolka bases into the rosaniline dyes. In this connexion 
certain facts recently discovered by Willstatter® with regard to the quinone- 
diimines are of great interest. If unsymmetrical dialkyl-|>phenylene-diamine 
is oxidized, brilliantly coloured substances are produced, known from their 
discoverer as Wurster’s salts, which were supposed to be true diimine derivatives, 
e. g. HN=C0H4=N(CH3)2C1. Further investigation has shown, however, that 
these bodies contain an atom of hydrogen more than this : they are bimolecular 
compounds (analogous to the quinhydrones) of one molecule of the oxidation 
product with one molecule of the unoxidized diamine, and may be written 

f6H4 (j6H4 

N(CH3)2 

the dotted lines indicating some unknown kind of linkage. If they are further 
oxidized to the true diimines the colour disappears. Willstatter suggests that 
this peculiar linkage, which he calls meri-quinoid (partially quinoid), is the 
cause of colour in bodies of this type. An analogous explanation would hold 
for the triphenyl-methane dyes, the true dye having a linkage between the 
quinoid nucleus and one of the other nuclei, which would be absent in the 
Homolka base. 


^ Of. Prmgsheim, Ser, 38 . 3354 (1905). ^ See p. 26. 

® Wmstatter, Piccard, Ber, 41 . 1458, 8245 (1908) : 42 . 1902 (1909). 
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When o-phenylene-diamine is oxidized mth silver oxide or lead dioxide it 
appears to give an o-qninone diiiiiiiie,^ I unstable to 

1)6 isolated. It gives a yellow solution with a red ^lllore^scence (ortho-benzo- 
quinone itself is red and not yellow). 

Benzidine (diamino-diphenyl) si^ms to give an analogous compound,' 
HN— ( NH. This is brown and gives dark yellow solutions. The 

chlor-imines, which are more stable and can be isolated, are similar.'' But the 
dipheiioqiiinone, from ^^'hich it is derived is itself red in one 

form, and generally resembles ortho- rather than para-benzoquiiione. 

The analogous salts from tetramethyl-benzidme, where the nitrogen is 
peiitavalent and has no hydrogen attached to it, form two series, one yellow 
or red, the other green. The red salts probably have the formula 

The benzidine compounds are able, like the j;-phenyleiie diamines, to give 
coloured * meri-quinoid ’ oxidation products.^ 

^ Wiilstiitter, Pfanneiistiehij Ber. 38 . 2348 (lliOo;. 

- Wiilstiitter, Kalb, Ber, 37, 3761 a004); 38. 1232 {VJiJo), 

3 Schlenk, Ann, 363 . 313 (1908). * Schleiik, L c. 



CHAPTER IV 


r 

AMIDES 

As the amines are formed by replacing the hydrogen of ammonia by 
hydrocarbon radicals, so by replacing it by acid radicals the amides are 
produced : or we may say that the amines are alcohols whose hydroxyl is 
replaced by NHg, and the amides acids whose hydroxyl is replaced by 
As in the case of the amines, primary, secondary, and tertiary amides exist; 
but the last two classes are of small importance. Quaternary amides are 
unknown. 


Methods of formation 

1. By heating the ammonium salts of the acids : — 

This reaction is exactly parallel to the formation of ester from acid and alcohol, 
as is evident if they are written : — 

[a] CH3-C< gjj + HNH, = H^O + ■ 

(h) CH3-C<gjj + HO-C^Hs = H3O + CH3.C<gQ^g • 

The similarity is not merely formal. Goldschmidt^ has investigated the 
rate of formation of substituted amides (anilides) and finds that it follows 
the same laws as esterification. In both cases the reaction in the absence 
of a strong acid is bimolecular, being auto-catalysed by the hydrogen ion of 
the organic acid itself. In the presence of a strong acid it is highly catalysed, 
and then becomes monomolecular, as the disappearance of the organic acid 
no longer diminishes the concentration of the hydrogen ion. 

This work has been confirmed by Menschutkin,^ who has investigated the 
influence of the nature of the organic acid on the velocity, and on the per- 
centage of amide formed when equilibrium is reached. (These experiments, 
like Goldschmidt’s, were carried out by dissolving the acid in a large excess 
of the amine, under w^hich conditions the reaction is far from complete.) 
Menschutkin’s general conclusions are that the velocity is greatest with 
normal fatty acids. The presence of branch chains diminishes it, and the 
more so the nearer they are to the carboxyl. With the true aromatic acids 
(where the carboxyl is directly attached to the nucleus) the velocity is very 
small, as it is with all acids which have the carboxyl attached to a tertiary 
carbon atom. Side chains on the nucleus diminish tlie velocity greatly in the 
ortho position : in the meta and para they sometimes increase it. Aromatic 
acids whose carboxyl is in the side chain behave like fatty acids. 

a 03. i. 1121'; ii. 324. 


^ Z. pn. Ch, 24. 358 (1897). 
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The case of the ortho and di-ortho-substituted benzoic acids is of interest. 
V. Meyer has laid down the general rule that the reactions of benzoic acid 
and its derivatives are in general delayed or prevented by the presence of 
two (and in less degree of one) ortho-substituents. In accordance with this 
Menschutkin finds that the rate of formation of the amides is diminished by 
the presence of an ortho-substituent? the case of tw^o he has not examined. 
But it does not follow’ that the percentage of amide present at equilibrium 
%Till be diminished. It is characteristic of stereo-hindrance in general, and 
of this form of it in particular, that where it delays a reaction it also delays the 
reverse action. Thus it hinders not only the formation of the esters but also 
their saponification. In fact stereo-hindrance is of the nature of a negative 
catalyst. It acts not by causing instability of the product (as a purely 
chemical influence does) but by making a particular group difficult of access. 
Hence not only is the group slow to react, but the product of its reaction is 
slow to decompose. Since, however, the proportions at equilibrium do not 
depend on either of these reaction-velocities separately, but on the ratio betw’een 
them, they are much less affected by the stereo-hindrance, and need not 
necessarily be affected by it at all. These general principles are well illustrated 
by the case under consideration, that of the amides. That the velocity of 
hydrolysis of benzamide is greatly diminished by ortho-substituents has been 
shown by Sudborough.^ The percentage of monobrom-benzamide hydrolysed 
by boiling for 15 minutes with 30 per cent, sulphuric acid was : ortho 25*07. 
meta 99*2, para 80*7, With the di-ortho-substituted compounds the effect was 
so great that a more energetic treatment was required. After heating for 
7 hours to 160° with 75 per cent, sulphuric acid, di-o-dibrom-benzamide was 
only hydrolysed to the extent of 11*56 per cent. : whereas under the same 
conditions over 99 per cent, of o-j>dibrom-benzamide is broken up. In the 
same way Mensehutkin’s results show that while ortho-substituents greatly 
diminish the initial velocity of amide-formation they have much less effect 
on the percentage formed at equilibrium, which may even be increased : the 
following are the numbers obtained for o- and ^n-toluic acid, with ammonia 
and dimethylamine respectively : — 


o-toluic acid 
w-toluie acid 


Wi ^th NHg 

Initial Per cent, at 
velocity equilibrium 

29*1 83*4 

56*4 78*5 


With NH(CH3 )o 

Initial Per cent, at 
velocity equilibrium 

194 74*3 

26*4 64*1 


The hydrolysis of amides both by acids and by alkalies in aqueous solution 
has been measured by Crocker,^ who determines the extent to which the 
reaction has gone by means of the conductivity. In both cases the reaction 
is shown to be bimolecular, i. e, the velocity is proportional to the product of 
the concentrations of the amide and the acid or the alkali. The catalytic effect 
of hydroxyl ion is much greater than that of hydrogen ion. 


1 /. C. a IBS'?, 229. 

^ Crocker, /. 8, 1907. 698 ; Crocker, Lowe, ib. 952. Cf. Davis, J. 0, 8. 1909. 1397. 
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This reaction for forming the amides, by heating the ammonium salt, or 
a mixture of the acid and the amine, is the one most commonly used. The dry 
ammonium salt cannot be made by evaporating down the aqueous solution 
without great loss, as it dissociates. It is therefore usually prepared hy 
saturating the anhydrous acid with ammonia or ammonium carbonate. The 
dry salt can then be distilled : but if so, there is much loss through dissociation 
into ammonia and acid. It is better to heat it in sealed tubes to about 230 ° for 
several hours : from the product, in the case of the lower acids, the amide is 
separated by distillation ; in the case of the higher, it is found crystallized out. 

It was by this method that the first known amide, oxamide, was prepared by 
Dumas in 1830 . 

2 . From the esters by the action of aqueous ammonia: this was used by 
Liebig in 1834 for making oxamide : — 

0=:(^.0C2H5 NH3 0=G-NH2 ^ HO-C2H5 ^ 

0=G-0C2H5 NH 3 “ 0=C-NH2 HO-CaH.-/ 

This goes well with the lower and more soluble esters, such as formic, acetic, 
and oxalic, sometimes even in the cold: the higher esters must be heated in 
sealed tubes, and the yields are not good. 

An interesting case of the failure of this reaction, apparently for stereo- 
chemical reasons, has been discovered by E. Fischer.^ Malonic ester easily 
forms its diamide, CH2(CO'NH2)2? when treated with aqueous ammonia in 
the cold. The mono-alkyl-malonic esters form their diamides (such as 
C3H7CH(C0-!N'H2)2) almost but not quite as easily. But the esters of dialkyi- 
malonic acid, even of dimethyl-malonic acid, (CH3)2C(COOH)2? can only be got 
to yield amides with the greatest difficulty, and sometimes not at all. This is 
the more remarkable since the chloride of dimethyl-malonic acid reacts with 
ammonia with the greatest ease to ^give a perfectly stable diamide, 
(0113)20(00 •]S[H2)2. This case has an obvious resemblance to that of the 
di-ortho-substituted benzoic acids, and may probably be explained in the 
same way : — 


h6>^ ^oh 

Fischer, however, suggests a different explanation. The monalkyl-malonic 
esters, like malonic easier itself, contain an acidic hydrogen atom, while the 
dialkyi do not : and this may possibly be the cause of the inactivity of the 
latter. Fischer supposes that the ammonia first forms a salt with the tauto- 
meric form of the ester 

which then loses alcohol to give the amide. Of course a dialkyl-malonie 
ester could form no such derivative. The explanation is ingenious, but it 
can hardly be maintained. In the analogous case of the benzoic acids no such 


' Bew 35 . 844 ( 1902 ). 
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explanation is possibloj whereas stereo-hindrance is a well established influence, 
which is quite sufficient to account for the facts. It seems x>robable that in 
these cases of amide-formation there are two influences at work, a chemical 
influence and that of stereo-hindrance. It is the latter, for example, which 
prevents the formation ^ of the amide from the ester of trim ethyl-acetic acid, 
and the former which causes it to be produced easily from that of trichloracetic 
acid. 

8. The action of ammonia or amines on the acid chloride or acid 
anhydride : — 

{on^rnyp + 2 nk, - CH.-co-isiH. -f ch,.co.okh, 

CH3.CO.Ci + 2HH;> = CH.-CO-HH. -f- NH^Ci. 

By this reaction Liebig and Wohler in 1832 prepared benzamide from benzoyl 
chloride. With the higher acids it is better to use the acid eliloride. 

If one molecule of acid chloride is treated with one molecule of each of 
two amines, the amide of the more negative amine is produced and the 
hydrochloride of the more positive,® 

To this reaction is probably to be referred a singular method of preparing 
amides discovered by Orton.® This consists in treating a dilute ammoniacal 
solution of the acid with benzoyl chloride, and shaking with soda till the smell 
of the benzoyl chloride disappears, when the amide separates mixed with a 
cei’tain quantity of benzamide. It seems probable that the benzoyl cliloride 
reacts with the acid either to give the acid chloride or to give the acid anhydride, 
and then this acid chloride or anhydride acts on the ammonia to form the amide. 
It is remarkable that unless excess of ammonia is used the amount of benzamide 
formed is very small. 

All these methods may be used for preparing alkylated amides by sub- 
stituting alkylamines for ammonia, and for the aromatic derivatives by using 
the anilines. 

4. By the addition of water to the nitriles : — 

CHa-C-N + H3O = CH3.C0.NH^. 

This may be done by dissolving them in concentrated sulphuric acid, by 
shaking them with concentrated hydrochloric acid, or most easily by the 
action of hydrogen peroxide in alkaline solution : — 

-f 2HA == + 0^ -f 

This is a remarkable reaction, as it appears to be due to the nascent water. 

5, Alkylated amides can also be obtained by the action of acids on 
isocyanic esters (as water gives amines): — 

OH3.COOH -f = CH.-CO-NHCaH,, -f COg. 

Properties of the amides 

All the amides except formamide are crystalline solids. The lower are 
excessively soluble in water and are deliquescent: they can be distilled un- 

^ H. Meyer, Mon, 2*7. 31 (6\ 06. i. 1235). 

^ Bains, J, Am. Ch. Soo. 2S. 1183 {C. 06. H. 11S6). = J. C. S. 190X. 1352. 



changed. They generally have an unpleasant smell,' but this is due to 
impurities. Pure acetamide (like pure iodoform and pure skatole) has no 
smell. 

Though the amines have much lower boiling-points than the corre- 
sponding alcohols, the amides boil at much higher temperatures than the 
acids from which they are derived. Thus acetic acid boils at 118°, acetamide 
at 223° ; the difference diminishes in ascending the series. 

The amides are comparable in constitution to the primary amines, but differ 
from them markedly in behaviour. The electro-negative acyl group makes 
them indifferent substances of neutral reaction. The basic character of the 
NII 2 group is not wholly destroyed, and they are able to form salts with 
strong acids : but these have a strongly acid reaction and are highly hydro- 
lysed. The alkylated amides are more basic and can give stable platini- 
chlorides. In consequence of the more negative character of the amides as 
compared with the amines, the hydrogen is more easily replaced by metals. 
Thus an aqueous solution of an amide dissolves mercuric oxide, and on 
evaporation salt-like bodies such as Hg(NH‘CO-CH 3)2 crystallize out. This is 
the general behaviour of NH attached to negative groups, as shown in isocyanic 
acid, 0, and in phthalimide. 

This formation of salts raises the question of the true formula of the 
amides. Besides that which has been hitherto assumed, there is the possibility 
of the tautomeric formula of an iso-amide or imino-hydrin ; — 

Normal amide Iso-amide 

Alkyl derivatives of both forms are known. Those of the first are the normal 
alkyl-amides, those of the second are the so-called imino-ethers. They can 
both be obtained from, and converted into, the normal amides, whose 
behaviour is thus to some extent tautomeric. But the balance of evidence 
with regard to the free amides is strongly in favour of the first (normal) formula. 
This conclusion is arrived at by Auwers ^ from their cryoscopic behaviour ; by 
Olaisen ^ from a comparison with the oxymethylene compounds ; by Schmidt 
from spectroscopic investigations ; and by Hantzsch^ from the fact that they do 
not form salts with ammonia in non-dissociating solvents, as bodies with an 
acidic hydroxyl group would be expected to do. 

The structure of 4he metallic derivatives is much less easy to determine. 
It is quite conceivable that while the free amides have the normal structure, 

their salts may be derived from the iso-formula the metal going, as 

it so often does, into the more acidic position. The evidence is not conclusive. 
The mercury compounds apx3ear to be the normal N-salts, E-OO-NHhg.® They 
have the tendency, characteristic of compounds containing mercury joined to 
nitrogen, not to dissociate in water ; and hence their solutions give very few of 
the reactions of the mercuric ion. But this is very little guide to the constitution 

^ Ber. 34. 3558 (1901). 2 287. 360 (1895). ^ 3 ^^ 2459 (1903). 

* Ber, 35. 226 (1902). ® Ley, Schafer, Ber. 35 . 1309 (1902). 
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of the salts of other metals, as we know that mercmy has a very strong tendenej^ 
to combine with nitrogen. The ^silver salts generally give 0-ethers (imino- 
ethers) when the metal is replaced by alkyl, and have therefore been assumed 

to be iso-salts . But there is plenty of evidence to show how 

untrustworthy this reaction (the replacement of the metal by alkyls) is for 
determining the constitution of metallic derivatives. It seems probable that 
the silver salts can exist in two isomeric forms. Thus Titheiiey^ has shown 
that besides the ordinary white silver benzamide, which gives imino-ethers, 

and so may possibly be there is an orange silver salt, formed by 

the action of alcoholic silver nitrate on potassium benzamide, which may be 

The structure of the alkaline salts is equally uncertain. Those of the 
aromatic amides react readily with alkyl iodides to give 0-ethers, while those 
of the fatty amides will hardly react at all. This certainly seems to indicate 
that there is a difference of constitution between them : and Titherley considers 

/ONa 

fchat the alkaline salts of the aromatic amides are 0-salts, , while 

those of the fatty amides are N-derivatives, as But the 

question cannot yet be regarded as settled. 

One of the most marked differences between the amides and the amines 
is that the nitrogen is much less firmly attached to the carbon in the amides. 
(It is a general rule that an increase in the negative character of a molecule 
weakens the linkages within it. Compare for the C-O-C grouping, the ethers, 
esters, and acid anhydrides: for C-C, such cases as oxalic and trichloracetic 
acids, &c.) The amides can be saponified even by heating with water, their 
formation from acid and ammonia being, as has been mentioned, a reversible 
reaction : and much more easily by acids and alkalies. This reaction has been 
used by Ostwald to measure the concentration of hydrogen ion, that is, the 
strength of acids. 

A similar reaction occurs when the amides are heated with alcohols. In 
this case the reaction may go in two ways : the alcohol radical may attach itself 
either to the acid or to the nitrogen : — ^ 

yO C2H3NH2 

As a matter of fact both reactions occur. 


The hydrolysis of the amides by certain natural ferments, such as pepsin 
and trypsin, has already been mentioned in discussing the polypeptides ; it is 
not confined to those amino-acid derivatives, but is shared by the simple amides.® 
With dehydrating agents such as phosphorus pentoxide the amides give 


^ J. C. S. 1S9>7. 468 ; 1901. 391. 

^ Gonnermann, C. 02. i. 909 ; 03. i. 960. 



nitriles. This makes it possible to go both ways along the series of reactions : — 
boiling water H 2 O 2 

^^ 3 -C<nh, + HgO ^ CH3-C=N + 2 H3O. 

heat " PgOg 

The simpler fatty amides, like acetafnide, when acting as solvents behave 
somewhat like water. Pure acetamide is a conductor of electricity, and is no 
doubt ionized to a small extent. Solutions of salts in acetamide also conduct/ 
though to a less extent than in water. In the same way the salts of weak bases 
are ^amidolysed’ by formamide, just as they are hydrolysed by water. ^ For 
example, antimony trichloride dissolved in formamide gives a white precipitate 
composed of a mixture of SbClgX, SbClX 2 , and SbXg, where X = NH-CHO. 
So, too, it can combine mth salts, acting like water of crystallization.^ In 
solution the amides are commonly associated, some of them even in water. ^ 

The conversion of the amides by the action of alkali and bromine into 
bhe amines has already been mentioned as a mode of preparing the latter. The 
various stages of this singular reaction have now been made out. The amide 
is first treated with bromine and potash (commercially chlorine and potash or 
3hlorine and soda are used), whereby it is converted into the monobromamide 

CK,-C<gjj^ + Br^ = + HBr. 

Chis is a very reactive substance. If it is treated with ammonia or aniline 
t violent reaction occurs, and the amide is regenerated. The bromine atom 
ncreases the acidity of the amide, so that the remaining hydrogen atom is 
nore easily replaced by metals. Hantzsch® has shown that the bromamide 
3 a pseudo-acid : that is to say, though it is not itself an acid it gives with 
>ases the salts of an acidic tautomeric form, the iso-amide. Thus the potash 
vith which it is treated in the Hofmann reaction forms the potassium salt 

f the iso-bromamide, The alkaline liquid is then distilled, 

^-hen the following changes take place. In the first place the potassium salt 
ontains the peculiar C=N linking, which also occurs in the oximes. Xow the 
ximes are capable of undergoing the Beckmann reaction, whereby they are 
onverted into the amides : — 


(jt-C-H HO-C-H 0=:C.H 
HO-X 9!>.NH 

enzaldoxime giving ^'formaldehyde. The essence of this reaction, which 
ivolves a very unusual insertion of a nitrogen atom into the middle of a 
irbon chain, is that the two groups on the same side of the change 

laces. We may suppose the same change to occur with the similarly 
instituted potassium salt of the bromamide : — 


CH.>.C-OK 

II 

Br-N 


BrCOK 

II 

CH3N 


KBr + 


C=0 

CHs-N 


^ J. \y. Walker, Jolmson, /. IL S. 1905. 1597. 

® Bruni, ManuelH, Z.f, Elehtrochenu 11. 554 (0. 05 . ii. 873). 

® Menschutkm, 0. 09 . L 909 . ^ Meldrum, Turner, J. C. S. 1908 . 876. 

JSer. 35 . 226 , 3579 ( 1902 ). 
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JCI., 

CH„-C(^ " 

chloride is ! " /O , a formula supported also by other evidence. 

CH.1— 

“ 0 

In ordinary (ortho) phthalie acid the relative position of the two earboxjds 
is the same as in succinic acid : — * 

vCOOH CH„-COOH 

J-COOH CH^-COOH ■ 

O'plitlialic acid Succinic acid 

Accordingly the acid shows the same tendency to form an anhydride ; and here 
too there is reason to think that the chloride has the un symmetrical foi'mula 

:Cl2 

O . If so, the diamide got from it should also be unsymmetiical, and so 
should the imide, phthalimide, which is readily obtained from the diamide : — 


0 :: 


0: 




/NHo 


U 




instead of (X /nH.! 0’ 


-Cv 


0 

NK 




In this case only one of the two theoretically possible diamides is known, 
and we cannot tell for certain which of the two formulae should be assigned 
to it. Phthalimide forms a potassium derivative (which has already been 
mentioned in discussing Gabriel’s amine synthesis), and this when treated with 


methyl iodide certainly gives a 


symmetrical methyl-phthalimid e 


Q„>oh., 


which is in favour of the view that the imide, and therefore also the diamide, 
has a symmetrical structure. On the other hand, we have by this time 
plenty of evidence to show that conclusions as to the structure of tautomeric 
compounds drawn from the behaviour of their metallic derivatives must be 
received wdth great caution. The question must therefore be left open. 
The most we can say is that in the case of phthalyl chloride the evidence 
is in favour of an unsymmetrical, and in that of the diamide and imide it is 
in favour, though more doubtfully, of a symmetrical structure. 

! 


The monamide of amino-succinic (aspartic) acid, 


CHhTHo-CO-OH 


which is 


known as asparagine, occurs in nature in germinating seeds, in two forms, 
a dextro and a laevo, which do not racemize but crystallize separately. The 
interesting point about them is that while the ordinary (laevo) form is tasteless, 
the dextro is sweet. ITow it is only bodies which themselves contain an 
asymmetric carbon atom — optically active bodies — which can react differently 
with two optical antimers^ Hence Pasteur has said that in this case the 
nerve substance of the tongue acts as an optically active body. 

The formation of cyclic diamides ^ from the dibasic acids and the plienylene 
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diamines is of some interest. ' The ortho-diamines give diamides of the type 

. ..." 

yE, with all the dibasic acids from oxalic ^ which gives a 6-ring. 


to sebacic, which gives a 14-ring. There is some indication that as the ring 
gets larger it is formed with more difficulty. 

Meta and para-diamines might form compounds of the same type, such as 

C=0 

Of- 

NH— C=0 


But in no case are such bodies produced. Instead, only one NH 2 is attacked, 


and a cyclic imide 



is formed. 


ANILIDES 

These are a class of substituted amides of considerable importance in which 
one amide hydrogen is replaced by phenyl. They are derived from aniline in 
the same way as the ordinary amides are derived from ammonia. 

They are made by heating aniline with the acid. A salt is no doubt 
formed at first, and then this breaks up with loss of water, as an ammonium 
salt does to form an amide, but generally with much more ease. 

- H,0 + 

Menschutkin^ has measured the velocity of formation of acetanilide in 
acetic acid. He finds it to be bimolecular in the absence of a catalyst ; but 
in the presence of a halogen salt of aniline as catalyst it becomes mono- 
molecular, the iodide having the greatest accelerating effect, and the chloride 
the least. Ortho substituents on the aniline diminish the velocity, while meta 
and para greatly increase it. H. Goldschmidt^ and his pupils have shown 
that the same results are obtained if the reaction is carried on at 110° in 
presence of excess of amine. They find that with different acids the ratio 
of the velocities with any amine is approximately — 

Formic Acetic Propionic Butyric Isobutyric 

1000 1 0-5 0-3 0-1 

The reaction of aniline with any acid is from two to three times as quick 
as that of ortho-toluidine. 

Formanilide is rapidly produced even if dilute formic acid is boiled with 
aniline. To prepare acetanilide the anhydrous acid must be used. In making 
this compound, even in the laboratory, it is convenient to use a reverse aii* 
condenser with a side tube at the top. The liquid is boiled at such a rate 

i C. 06. L 551 ; cf, 03 . ii. 324. 

^ Goldschmidt, Wachs, Z. Fh. Ch. 24. 853 (1897) ; Goldschmidt, Bmuer, Btr. 39. 97 (1906). 
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tliat the top of the condenser keeps at 100-110", The water formed in the 
reaction distils over with a very small quantity of acetic acid ; the concen- 
tration of the liquid is thus kept up, and the reaction goes much more rapidly. 
This method is also used on the large scale. 

A curious modification of this reaction is to use instead of the acid the 
tliio-acid, for example thioacetic aci3, CH^^CO-SH. The reaction is similar 
to that of the acid itself, but sulphuretted hydrogen is formed instead of 
water:— ^ ^ 

-f H,S, 

and this is evolved, instead of remaining in solution and retarding the 
reaction. 

The anilides can also be formed with great ease by treating the acid chloride, 
anhydride, or ester, or the amide, with aniline. In the case of the negatively 
substituted anilines, which do not react easily with acyl anhydrides, the 
formation is promoted by the presence of strong acids, such as sulphuric/ 


The anilides are colourless crystalline compounds, slightly soluble in water. 
Like the amides they sjfiit off the acyl group when boiled with acids or 
all^aiies, but unlike the amides they will not do so with water alone. 

The anilide and toluidide of formic acid“ exist in two forms, one an oil 
easily soluble in potash, and the other a solid insoluble in potash. It is 
probable that these are derivatives of the two tautomeric amide formulae, 
the oil being Ar-N^CH-OH, and the solid Ar-NH-CO-H. 

The anilides form metallic derivatives which, like those of the amides, 
may have either of two tautomeric formulae. Thus formanilide gives with 
alcoholic soda a precipitate of the mono-sodium derivative, which may have 


the structure since with methyl iodide it forms a compound 

which must be hydrolysis it yields methyl aniline. Silver 

formanilide gives with methyl iodide an iso-(0-)-ether but on the 

other hand with benzyl chloride it gives an bT-ether which 

shows how untrustworthy such reactions are as proofs of constitution. 

Alkyl-anilides can be made by treating the sodium-anilides with alkyl 
iodide ; aryl-anilides, by acylating the secondary aniline bases, but this is- 
much less easy than acylating aniline itself. For example, diphenylamine 
cannot like aniline be acylated by dilute formic acid, but only by concentrated : 
and not by acetic acid at all, but only by the acid anhydride or chloride. 

The diacyl-anilines are little known. They split off one acyl with extreme 
ease. Thus diacetanilide (obtained from acetanilide and acetic 

anhydride or chloride) is more than half hydrolysed into acetanilide and acetic 
acid by boiling for an hour With N/lOO soda. If they are heated alone for some 
time to a rather high temperature, one of the acyl groups migrates to the ring, 


^ Smitli, Orton, J. C, S. 3.908. 1242 ; 1909. 1060. 
m » G 2 


® Orlow, 0. 05 . ii. 403. 
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diamines is of some interest. * Tlie ortho-diamines give diamides of the type 



to sebacic, which gives a 14-ring. There is some indication that as the ring 
gets larger it is formed with more difficulty. 

Meta and para-diamines might form compounds of the same type, such as 

NH— C=::0 

of' 

NH— 0=0 

But in no case are such bodies produced. Instead, only one 1^112 is attacked, 
and a cyclic imide formed. 


ANILIDES 

These are a class of substituted amides of considerable importance in which 
one amide hydrogen is replaced by phenyl. They are derived from aniline in 
the same way as the ordinary amides are derived from ammonia. 

They are made by heating aniline with the acid. A salt is no doubt 
formed at first, and then this breaks up with loss of water, as an ammonium 
salt does to form an amide, but generally with much more ease. 

Menschutkin^ has measured the velocity of formation of acetanilide in 
acetic acid. He finds it to be bimolecular in the absence of a catalyst ; but 
in the presence of a halogen salt of aniline as catalyst it becomes mono- 
molecular, the iodide having the greatest accelerating effect, and the chloride 
the least. Ortho substituents on the aniline diminish the velocity, while meta 
and para greatly increase it. H. Goldschmidt^ and his pupils have shown 
that the same results are obtained if the reaction is carried on at 110° in 
presence of excess of amine. They find that with different acids the ratio 
of the velocities with any amine is approximately — 

Formic Acetic Propionic Butyric Isobutyric 

1000 1 0*5 0-8 04 

The reaction of aniline with any acid is from two to three times as quick 
as that of ortho-toluidine. 

Formanilide is rapidly produced even if dilute formic acid is boiled with 
aniline. To prepare acetanilide the anhydrous acid must be used. In making 
this compound, even in the laboratory, it is conv^ient to use a reverse aii* 
condenser with a side tube at the top. The liquid is boiled at such a rate 

^ a 06. i. 651 ; cf. 03. ii. 324. 

^ Goldschmidt, Wachs, Vh. Gh. 24, 353 (1897) ; Goldschmidt, Brliuer, Ber, 39. 97 (1906). 
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that the top of the ebndeiiser keeps at 100-110^. The water formed in the 
reaction distils over with a very small quantity of acetic acid ; the concen- 
tration of the liquid is thus kept up, and the reaction goes much more rapidly. 
This method is also used on the large scale. 

A curious modification of this reaction is to use instead of the acid the 
thio-acidj for example thioacetic aciS, GH^-CO-SH. The reaction is similar 
to that of the acid itself, but sulphuretted hydrogen is formed instead of 
water: — ^ ^ 

CH,-C<^g +HNH^ = + H.S, 

and this is evolved, instead of remaining in solution and retarding the 
reaction. 

The anilides can also be formed with great ease by treating the acid chloride, 
anhydride, or ester, or the amide, with aniline. In the case of the negatively 
substituted anilines, which do not react easily with acyl anhydrides, the 
formation is promoted by the presence of strong acids, such as sulphuric.^ 


The anilides are colourless crystalline compounds, slightly soluble in water. 
Like the amides they split off the acyl group when boiled with acids or 
alkalies, but unlike the amides they will not do so wuth water alone. 

The anilide and toluidide of formic acid- exist in two forms, one an oil 
easity soluble in potash, and the other a solid insoluble in potash. It is 
probable that these are derivatives of the two tautomeric amide formulae, 
the oil being Ar-N^^^CH-OH, and the solid Ar-NH-GO-H. 

The anilides form metallic derivatives which, like those of the amides, 
may have either of two tautomeric formulae. Thus formanilide gives with 
alcoholic soda a precipitate of the mono-sodium derivative, which may have 


the structure since with methyl iodide it forms a compound 


which must be hydrolysis it yields methyl aniline. Silver 

formanilide gives with methyl iodide an iso-(0-)-ether but on the 


other hand wdth benzyl chloride it gives an N-ether which 

shows how untrustworthy such reactions are as proofs of constitution. 

Alkyl-anilides can be made by treating the sodium-anilides with alkyl 
iodide ; aryl-anilides, by acylating the secondary aniline bases, but this is 
much less easy than acylating aniline itself. For example, diphenylamine 
cannot like aniline be acylated by dilute formic acid, but only by concentrated : 
and not by acetic acid at all, but only by the acid anhydride or chloride. 

The diacyl-anilines are little known. They split off one acyl wfith extreme 
ease. Thus diacetanilide {011^*00)^1^ <p (obtained from acetanilide and acetic 
anhydride or chloride) is more than half hydroly'sed into acetanilide and acetic 
acid by boiling for an hour With N/lOO soda. If they are heated alone for some 
time to a rather high temperature, one of the acyl groups migrates to, the ring, 


1 Smith, Orton, /. C. S, 1908. 1242 ; 1909. 1060. 

g2 


2 Oiiow, C. 05. ii. 403. 
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diacetaniHde, for example, giving p-acetammo-aoetophenone:- 

jf/CO-CH3 
T^CO-CHa 


0 


^"^CO-CHa 


0 


""CO-CH, 


The acyl group goes mainly to the para but partly also to the ortho position.* 

THIOAMIDES 

th wf tL 7Z t 

with phosphorus sulphide or on tho nitriles wiS h Jdrog.” s’^phSe'^! 

CH,0=K s 

+ S=H, 

This reaction is formulated on the analogy of the amides. It is, however, 

more probable^ that the thioamides have the tautomeric iso-formula E C<^^. 

Sl^me ^-eaetions in which alkyl and other groups 

become attached to the sulphur. Thus with alkyl halides they often gtee 

p nil ethers E-C\gg • Agam, with chloracetone they form thiazoles, joining 

Sh^T,?? nitrogen, which could scarcely happen unless 

both had hydrogen attached- to them 

r<TT HO*C*CE[q N'.P.PTT 

recently been obtained by Willstatter and Wirth = by 
the action of phosphorus pentasulphide on formamide. It forms colourlesi 
ciTsta s melting at 28° to a yellow oil. It is unstable and formTan unlb e 
-It wrth p„s „.I«n,s 0 , hydrochloric «ii It is h.„h.„sri, 

to the two formulae and It has an acid reaction, while 

Its di-substitution-products, such as diphenyl-thio-formamide , which 

formaiSr”'" thio- 

hydrate H-CSOTt-^ ““ 

yJis'-'r Jib CH— S 

CHO CH CH CH’ 

hn/ \h/ 

and with bromeihylamine to thiazoline :— 

^H,Br ^ H| (JIH^-^ 


CH,NH, + PH = CH, 6h +-NH,Br. 


hn/ 


* ^attaway, Proe. C. S. 1902. 173 ; 1903. 57, 124. 
-But see Biilmann, 0, OV. ii. 1778. 


® Ber. 42. 1808 (1909). 
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Ifc might be expected that as formamide on heating gives carbon monoxide, 
so thioformamide would give the ^nknovm carbon monosulphide CS : but this 
is not formed, the main products of the decomposition being hydrogen sulphide 

and prussic acid. 

^Tlie tliioanilides are better known. They are most convenient!}'' made by 
fusing tlie anilides for a short time wdtli phosphorus pentasulphide. 

Thioformanilide may also be made by the action of hydrogen sulphide on 
phenyl isocyanide ; — 

0=^-^ H^s = or 

Thiobenzanilide is the product of the action of phosphoins pentasulphide 
on benzophenone oxime, no doubt through the Beckmann reaction ^ 

N-OH |.SH -k-cp 

The thioanilides differ from the anilides in having an acid character. They 
toim alkaline salts which are not decomi^osed by water, and hence dissolve 
in aqueous alkalies, though they are reprecipitated by carbon dioxide. This 
might be due to the fact that sulphur is more acidic than oxygen, as is shown 
by a comparison of the mercaj^tans with the alcohols. There seems, however, 
to be no doubt that the sodium salts have the metal attached to sulphur ; for 
%vhenever it is removed they always join up through the sulphur. Thus the 

sodium salts with ethyl bromide give the thioethers The products 

are proved to have this formula (1) by their being hydrolyzed by dilute acids 
to aniline and the esters of the thioacids : — 

+ HoO = 

and (2) by their giving amidines and mercaptans when treated with amines : — 

= CH3.C<^®^ + HSEt. 

Thus in both reactions a compound is formed in which the ethyl is attached 
to sulphur. 

Another proof that the alkaline salts of the thioanilides have the metal 
attached to sulphur is that when they are oxidized with potassium ferricyanide 
a new ring is formed through the sulphur, giving a benzothiazol 

0 + “ - VO 


We may therefore assume Hhat the salts have the formula If the 

thioanilides themselves are analogous to the anilides, they must be pseudo-acids : 
that is, they must undergo a tautomeric change when they form salts : — 




EC 


,/SM 


* Ciusa, C. 07 . i. 28. 

’ The evidence, however, is not conclusive. See Biilmann, Ann. 364 . 314 (1909). 
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That this is so is quite possible, especially in view of the fact that they 
react with hydroxylamine to give anilido-oximes ; — 


ch3-c<:: 


+ H,NOH 


+ H,8. 


IMIDES 

The imides are the cyclic secondary amides of the dibasic acids : 




Their formation is practically confined to those acids in which the two carboxyls 
are separated by a chain of 2 or 3 carbon atoms ; that is, where the imide 
contains a 5- or a fi-nng. This is analogous to the formation of the cyclic 
anhydrides, which, however, are also produced by acids with still longer chains, 
which do not give imides. It is an example of the truth of Baeyer’s strain 
theory, that the rings most easily formed are those containing 5 atoms, and next 
those of 6, 

An imide of oxalic acid has been described,^ but its existence 

is doubtful, and its structure still more so. Malonic acid gives no imide, nor 
do adipic and the higher members of the series ; but succinic and glutaric acids 
form them with great ease. 

Among the phthalic acids it is only the ortho which gives an imide, 
Iso-(meta)-phthalic acid, though it has like glutaric acid three carbon atoms 
between the carboxyls, gives neither an imide nor an anhydride, evidently 
because the rigid structui’e of the benzene ring holds the carboxyls further 
apart than in an open-chain compound. This view is confirmed by the fact 
that homophthalic acid, which like isophthalic acid has three carbons between 
the carboxyls, but has one of these in a side chain, forms both an imide and 
an anhydride. The structure of this imide is established by its conversion, 
on treatment with phosphorus oxychloride and subsequent reduction, into 
isoquinoline : — 

Phthalimide Homophthalimide Isoquinoline 

The imides in general are formed by heating the ammonium salts, the 
diamides, or the monamides (-amic acids) of dibasic acids: — 




= NH, + 


CH,-C<""2 “ CH2-C<o 

or most conveniently by heating the anhydrides in a stream of ammonia. 


i “ .N] 

CH/C<o 


Ost, Mente, Per, 19. 3228 (1886). 
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They may also be got by the partial hydration of the dic^mnideSj^ such as 
ethylene dicyanicle. 

They are easily hydrolysed % alkalies to give first the -amic acid, and 
then the acid itself : — 

CHo-CO-OH 9H,-CO-OH 
GH.-C^q CH.-CO-NH. CHo-CO-OH ' 

On reduction succinimide is conveiied into pyrrol derivatives; thus on 
distillation over zinc dust it gives pyrrol itself, a reaction which is most 
clearly represented as taking place through the tautomeric dienolic form: — 

CH.,-C<^® OH=C/®^ CH=CH^ 

i - >NH -» i >NH -9- ! >NH. 

CHo-C^q CH=C\qjj ch^ch-^ 

This reaction proves that succinimide has the symmetrical formula given 

above, and not the possible unsymmetrical structure ! 

CHo-C^^q 


The combined influences of the two carbonyl groups and of the ring structure 
render the imide hydrogen distinctly acidic ; and succinimide forms a potassium 
salt even with alcoholic potash. A silver salt is also known, whose electrical 
behaviour is peculiar.- The concentration of silver ion in its aqueous solution, 
as measured by the E. M. F., is only half that required by the conductivity. 
This indicates that it breaks up to give some other cations than silver, 

CH.-G=0 

Glutarimide CHo<( resembles succinimide. It can be obtained ® 

by the oxidation of piperidine mth hydrogen peroxide, and on distillation 
over zinc dust it gives a small quantity of pyridine : — 

.CHo-CH. ^0Ho-C=O ^CH-CH 

CH, " VNH -» CH, ' >NH CH >N. 

^GHo-CHa \CH2-C=0 \cH=CH 

Piperidine Glutarimide Pyridine 

Phthalimide, the imide of ortho-phthalic acid, is a body of great practical 
importance, both for GabrieFs synthesis of amines, which has already been 
so frequently mentioned, and also as an intermediate compound in the 
commercial preparation of indigo. It can be made by acting with ammonia 
on phthaiic anhydride, and is also formed ^ by a curious intramolecular change 
when 0“Cyan-benzoic acid is heated to its melting-point (180-190'^) : — 


U-CO-OH 
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Its imide hydrogen is sufficiently acidic for it to dissolve in aqueous potash. 
If the potassium salt is treated with alkyl iodide, a symmetrical alkyl 

_ 0 /N*Alk is produced. 

Although no unsyinmetrical isomeric phthalimide [ 1 /O is kno%vn. its 

alkyl derivatives can be obtained by treating the alkyl-phthalamic acids with 
acetic anhydride, which acts merely as a dehydrating agent ^ : — 

= H,0 + 0-^)0 . 


AMIDO-CHLOEIDES. IMIDO-CHLOEIDES. IMIDO-ETHEES 

The last two of these classes form a group of substances which are 
derived from the iso-amides, having the NH group attached to carbon by 
a double bond. 

The mnido-clilorides themselves are derived from the normal amides, and 
are obtained by acting on them with phosphorus pentachloride : — 

CH 3 -C<gjj^ + PCI, = CH 3 -C<g|.^ + POCI 3 , 

the action being analogous to that of phosphorus pentachloride on aldehydes 
and ketones. 

The amido-chl Glides lose hydrochloric acid with the greatest ease to form imido- 
/C1 

chlorides, such as ‘ These bodies are rather more stable, but they 

readily lose a second molecule of hydrochloric acid to form nitriles. Water 
converts the imido-chlorides into amides and hydrochloric acid : — 

CH 3 -C<g\j + HOH = HCl + CH 3 -C<g| 

The imldo-chlondcs are really the acid chlorides of the imido-acids or iso- 
amides which, however, seem to be incapable of existence, and to pass 

over as soon as they are formed into the more stable amides. 

In the case of the a-oxy-acids, such as glycollic acid, it was formerly 
supposed that the true imido-acids could be isolated. Glycollic acid gives a 
normal amide CH^OH-OO-NH.^ ; but if its anhydride is treated with ammonia, 
or if its imido-ether is saponified, an isomeric substance is obtained,^ which 

was originally assumed to be the iso-amide or imidohydrine CH 20 H-C<^^^- 

Analogous compounds have been obtained from other a-oxy-acids. The subject 
has been reinvestigated by Hantzsch and Voegelen,^ who have shown that 
the properties of these substances are incompatible ^with this structure — and, 
indeed, as far as one can see, with any structure. They cannot be converted 

^ Hoogewerff, van Dorp, Bee. Tmv. 13. 93 (1894), 

Eschweiler, Ber. 30. 998 (1897). ® Ber. 34. 3142 (1901). 
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into tlie amides, a cli’ange wliicli one would expect to occur with the utmost 
ease, and their molecular weight is twice that required by the simple formula. 
Their other properties are also most extraordinary. Though they are only weak 
bases, and are not acidic at all, them solutions are veiy good conductors of 
electricity, so that their electrolytic behaviour is that of salts. Moreover, 
though they are fairly stable to acids, they are easily decomposed by certain 
salts, such as calcium chloride, with the formation of a glycoUate. No satis- 
factory hypothesis has yet been proposed to account for these phenomena. 

The esters of the imido-acids, the imido’Cthers^ are much better known than 
the acids themselves or their chlorides. The liydrochloiides of these imido- 
ethers are formed by passing hydrochloric acid into a mixtm^e of a nitrile and 
an alcohol in molecular proportions, diluted %vith ether and well cooled. The 
hydrochloride of a clilor-amido-ether is first xn'oduced : — 

/NH.,TIC1 

CH.-CaS^-r CTI,OH 2HG1 - CH.-C-OaH, • 

" - ' •* \cr 


This is very unstable, and loses hydrochloric acid to form the hydrochloride 

yNTT-TTPl 

of an imido-ether CH ^ . The chlor-amido-ethers ' are much more 

stable if the two hydrogens of the amino-group are replaced by two alk 3 ds: 
though even then they’ are decomi^osed bj* heat, giving first the imido-chloride 
and one molecule of alkyl chloride, and then the nitrile and two molecules of 
alkyl chloride : — 


/NEto-HCl 


EC-OCoH, 
\C1 ^ 


EC 


^NEt-HCl 

\OCoH, 


EtCl 


E*C=N -F 2 EtCl -r Eton. 


The hydrochlorides of the imido-ethers are crystalline bodies which on 
heating lose alkyl chloride and form Jimides: — 

CH3-C<Q2g_‘^^ = CH 3 -C<q ^2 + c.HjCl. 

If treated with soda under ether they give the free imido-ethers, such as 
, a liquid boiling at 97° 

The imido-ethers present a remarkable case of intramolecular reaiTangement. 
A variet}" of substituted imido-ethers are known, in which the imide hydrogen is 
replaced by hydrocarbon radicals. They may be made from the simx>le ethers 
by alkylation ; or by starting with an alkyl (or aryl) amid'e, converting this into 
the imido-chloride, and treating this with sodium alkylate : — 




CH3.C<gf 


NaOEt 






Now the imido-ethers behave on heating- in different way’s according as 
the imide hydrogen is substituted or not. The simple ethers, where it is 
not substituted, break up back again into nitrile and alcohol: — 




OO2H3 


CH..CHN^ + C.,H,OH. 


^ V. Braun, Ber. 2678, 2812 (1904). 


- Wislicenus, Ber, 35. 164 (1902). 
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If the imide hydrogen is replaced this reaction does not occur; but instead 
of this, at about 200° a rearrangement takes place, and a di-substituted 
amide is formed: — 


CH3-0<q'^02H5. 


This reaction is of particular interest as illustrating an intermediate stage 
between an ordinary (isomeric) and a true tautomeric change. The imido* 
acids (iso-amides) go over spontaneously into the normal amides: — 


^2 . 


This is what is known as a tautomeric change, occurring spontaneously, and 
consisting only in the passage of a hydrogen atom from one position to 
another; it is supposed to be due to the great ‘mobility’ of the hydrogen. 
It appears, however, that if the hydrogen atom is replaced by an alkyl 
group, this can ‘wander’ also, only not so easily. Instead of changing at 
the ordinary temperature the substance requires to be heated to about 200°. 
Accordingly, we find, as we should expect, that a methyl group wanders 
more easily than an ethyl, though the difference is not very great. ^ It is 
evident that the distinction between such a reaction as this and a true 
tautomeric change is one of degree and not of kind, and that the phenomenon 
of tautomerism is not confined to the case of the ‘wandering’ hydrogen 
atom, although it occurs in that case with peculiar ease. 

The conversion of the imido-ethers into the substituted amides can be 
brought about much more easily in the presence of an alkyl halide, such as 
ethyl iodide. It then takes place slowly at the ordinary temperature, and 
rapidly at 100°. But here it can be shown that an intermediate compound 
is formed: — /<(> 

CH3-C<^|, + EtI = CHa-C^ = EtI + 

" ^OEt \OEt ^ O 


This is probable because, if the iodide of a different alkyl is used, an exchange 
of alkyl groups sometimes occurs: — 

^/Me 

CH 3 -C<q|^ + Mel = ^ + EtI. 

It is further shown by the following facts. There is one case of an imido-ether 
which changes into the amide below 100° without the addition of alkyl iodide. 
This is the chlorethyrether of isobenzamide : — 




^CHg^CILyCl 

This is the solitary case where the addition of an alkyl halide is not required, 
and the reason obviously is that the chlorethyl group is able to attach itself 
to the nitrogen in exactly the same way as an alkyl halide, save that a ring 
compound is produced:— 




^•C< 


"\H 


Lander, J. C. 8. 1903. 406. 
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If the original body is heated on a water hath it first melts, then solidifies, 
and then melts again. If the solid, before it can melt again, is dissolved in 
water and treated with silver nitrate, it gives a precipitate of silvrer chloride, 
wdiich it does not do before or after this point, showing that the hydrochloride 
of the base is formed. Indeed, if th^ intermediate solid phase is rapidly cooled, 
the ring compound can actually be isolated from it. 

If the hydrochlorides of the imido-ethers are treated with excess of alcohol, 
they first dissolve and then precipitate ammonium chloride, with tlie formation 
of an ortho-ester of the original acid : — 


. HO-CoH^ 

HO*C;h, 


/OEt 

E-C-OEt + NH,C1. 
\OEt. 


With alcoholic ammonia, the imido-ethers react like an ordinary ester, 
ethoxy group is replaced by NHo, and an amidine is produced : — 


-OC.Hn 


HO-aH,. 


The amidines can also be made by beating the amides in a stream of 
hydrochloric acid gas : — 




CHrC<f 




or by heating the nitriles with ammonium chioiide: — 

CH,..0=N _ p-p. 


They are at once amides and imides of the acid. They are strong monacid 
bases, giving stable salts. The free amidines have an alkaline reaction, and 
are easily hydrolysed into the acid and ammonia. 
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HYDEOXYLAMINE DERIVATIVES 

These fall into three classes; — 

A. Those in which one or more of the hydrogen atoms in hydroxylamine 
are replaced by as many organic radicals : these are what are generally meant 
by the hydroxylamine derivatives. 

B. Derivatives of the hypothetical tautomer of hydroxylamine HglST^O: 
the amine-oxides. 

C. Derivatives of hydroxylamine in which the two hydrogen atoms attached 
to the nitrogen are replaced by a divalent radical; the oximes or isonitroso- 

compounds |>C=NOH. 

The third group is by far the most numerous and important, but the 
first two also contain some interesting compounds. 

TEUE HYDEOXYLAMINE DEEIVATIVES 

The mono-derivatives are of two kinds, according as the hydrogen replaced 
is attached to nitrogen or oxygen. Those in which it is attached to oxygen, of 
the type HgN-O-E, are Imown as cc-hydroxylamine compounds, those in which it 
is on the nitrogen as /3. 

The cc-hydroxylamines (O-ethers) are obtained from the oximes. If an 
oxime is boiled with acids it goes back into hydroxylamine and the aldehyde 
or ketone from which it was formed. If the oxime is treated with alkyl iodide 
and sodium ethylate it is converted into its alkyl ( 0 -) ether ; — 

0.CH:=NOH + C 3 H 5 I - HI + ^.CH=NOC 2 H 5 , 
and when this ether is boiled with acids it splits in the same way as the 
oxime itself, giving the 0 -ether of hydroxylamine : — 

^^ CH^NOOgHs -f H2O = ^6.CHO + H2NOC2H5. 

That the product, ethyl-cc-hydroxylamine, is really an 0-ether is shown 
by its splitting off ethyl chloride with hydrochloric acid at 150“^, which would 
not occur if the ethyl was attached to nitrogen. 

The /3-hydroxy lamines or N-ethers are got by the partial reduction of the 
nitro-compounds. Thus nitromethane is converted by reduction with zinc 
dust and water into ^-methyl-hydroxylamine : — 

CH 3 -N<® + 2H2 = 

a reaction which proves the structure of the latter. The reduction may 
also be effected by ammonium sulphide.^ 

/ 8 -phenyl hydroxylamine, ^-NHOH, is of interest because of the remarkable 

1 WiUstiitter, Kubii, JBer. 41 . 1936 (1908). 
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^-Hijdroxylambies 

changes wliicli it can undergo. For a long time all attempts to prepare it 
were nnsiiecessfiilj the product obtained being, most unexpectedly, 
phenol. Thus one would expect it to be formed by boiling phenyl azide, 
with dilute acids, according to the ecxuation 




H 

OH 




4 


but ji-aiiiinophenol is produced instead, as it is also in the electrolytic reduction 
of nitrobenzene. These facts show that .3-phemd-hydroxylamine must be an 
unstable body, readily changing into p-aminophenol : — 

H OH 


0 -0 


N< 


OH 


NHo 


This view has l^een fully confirmed by the work of Bamberger, wiio has 
succeeded in preparing /:J-i>hGnyl-hydroxylamine in various ways, and has 
investigated its j>roperties in great detail. 

In order to prepare it, nitrobenzene is covered with water or dissolved 
in hot alcohol, and reduced with zinc dust, the reduction being promoted by 
the presence of neutral salts such as calcium or ammonium chloiide: — 

+ 2 + IHO. 

The solution must be neutral or aminophenol is formed; this is why 
the earlier attempts to j^repare the body failed. The i*eaction is exactly 
parallel to V. Meyer’s preparation of the fatty ,3-hydroxylamines by reduction 
of the nitroparaJOfins. By this method of reduction with zinc dust in neutral 
solution in the presence of a salt, any nitro-compound can be converted into 
a /3-hydroxyIamine. 

They can also be obtained ^ by the electrolytic I'eduction of the nitro- 
compounds in the presence of acetic acid, the concentration of hydrogen ion 
being kept low by the addition of sodium acetate. 

Further, the /?-hydroxyIamines are, as Bamberger has shown, the first 
products which can be isolated of the oxidation of primaiy or secondary 
amines with potassium permanganate, hydrogen peroxide, Caro’s acid (sulpho- 

mono-peracid, obtained by dissolving a persulphate in sulphuric 

acid), and other substances. The final products of such oxidations are very 
numerous and complicated, but they are all such as would be obtained from 
the hydroxylamines, which can be isolated in many cases. It is probable 
that the actual first oxidation product in the case of the primary and secondary 
amines is, as it certainly is in that of the tertiary, the amine-oxide Ar-NH_; : O or 
Ar 2 *NH : O, and that this then changes into the tautomeric 6-hydroxylamine, e.g. 

H-N -f 0 - H-IT=:0 X>N-OH. 

H/ -&/ ^ 


^ Brand, Ber, 38. 3076 (1905). 
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Hydroocylamine Derivatives 

^-phenyl-hydroxylamine is a colourless crystalline substance 

melting at 81°* It reduces ammoniacal silver solutions and Fehling's solution 
in the cold. It is an unstable body in solution, and breaks up in a variety 
of ways. In alkaline solution in the absence of air one part oxidizes another, 
giving nitrosobenzene and aniline: — ^ 

2 0-NHOH - ^6.NO + + H^O. 

The nitrosobenzene so formed reacts with unchanged phenyl-hydroxylamine 
to give azoxybenzene:— 

0*NO + - 0 *N-^]S [.<56 + HgO. 

If the air is not excluded, the solution rapidly absorbs oxygen. If the 
(neutral) aqueous solution is exposed to the air, the body is oxidized to 
nitrosobenzene, which combines as before with unchanged hydroxylamine to 
form azoxybenzene. At the same time, for each molecule of nitrosobenzene 
formed, one molecule of hydrogen peroxide is produced. That is to say, 
in this, as in other ^ autoxidations for whatever reason, one half of the 
oxygen goes to the substance oxidized, and the other half combines with 
the water. 

The alkaline solution^ is much more easily oxidized by the air, so easily 
that it can be used like pyrogallate for removing oxygen in gasometry.^ In 
this case only traces of hydrogen peroxide can be detected, while much 
nitrobenzene is formed, the hydrogen peroxide being used up in presence of 
the alkali to oxidize nitrosobenzene, the primary product, to nitrobenzene. 

With aldehydes, the ^-hydroxylamines form the K-ethers of the oximes 

rrr 

Ar.N<-jj + 0=CH-95> - Ar-N— CH-0 + H^O. 

(Compare the strictly analogous reaction with nitrosobenzene, giving oxyazo- 
benzene.) 

When warmed with acids, they undergo the remarkable change already 
mentioned into aminophenols. Bamberger*'^ has investigated this change in 
great detail, with a variety of hydroxylamines, and finds that the following 
rules hold good. 

Aryl hydroxylamines with the para position open are converted by sul|>huric 
acid (or by alum solution) into para-aminophenols ; while, if there is a halogen 
in the para position, aif ortho-aminophenol is formed : — 

Br Br 

0-H 0-OH ■ 

Sometimes these ortho-derivatives are produced even when the para position 

is not occupied. In many cases, if sulphuric acid is used, a j?-aminophenol 



^ Bamberger, Ber, 33 . 113 (1900). 

2 Bamberger, Brady, Ber. 33 . 271. 
2 Ber, 33 , 8600 (1900). 
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OH 

sulphonic acid, as Q'SOsH alcoholic sulphuric acid is used. 

NHo 

the p- and o-phenol ethers are obtained, although they are not formed by 
treating the aminophenols with alconol and sulphuric acid. In some cases 
the formation of jj-aminophenols is accompanied by that of the eorrespondina 
hydroquinones, e. g. : — 

OH OH 

CH,.0-CH. CH,.0-CH, + CH,.0.CH... 

HHOH NH.2 Ojj 

and sometimes, too, if there is a para methyl group in the original h 3 -droxyl- 
amine, this is moved on to the next carbon atom: — 

OH, OH OH 

0 - "“=0 - “^“0 

NHOH NHg OH 

The possibility that these hydroquinones are formed by the hydrolysis of 
the aminophenols is excluded by direct experiment, which shows that this 
hydrotysis does not occur. 

These remarkable changes — and there are others which have not been 
mentioned — Bamberger proposes to explain by the following hypothesis,^ 
which, though it cannot be regarded as established, is sufficiently ingenious 
to be worth considering. 

He supposes that the first action of the sulphuric acid solution on the 
hydroxylamine is to remove water, giving the residue Ar-N<^, which is unstable, 
and immediately reacts with the other substance, HX, which is present, adding 
on H and X in one of two ways : — 

H H\/X X 

I- Q + HX - Q . ii. Q ^ jj,, _ iQl ^ p 

/^\ /N\ NH NH„ 

H X 

In the case we have been dealing with, of the action of dilute acid, the body 
added bn is generally water. This goes according to the first equation, giving 
first an imino-quinole : — 

Hv^OH OH 

0 + ® - 0 i 0 ■ 

1 II V 

XH NHg 

These imino-quinoles, with hydrogen still attached to the para carbon atom, are 
xmstable, and immediately change over to the aminophenols, and thus we get 
the normal reaction, leading to the para-aminophenols. 

If the para hydrogen is replaced by methyl, the imino-quinoles are more 


^ JBer. 34. 61 (1901). Of. Ber. 40. 1893 (1907). 
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Hydroxylamine Derivatives 


stable. They can then only change into aminophenols by the migi-ation of the 
methyl group, 

CHsv/OH ' OH 

ifii 


1 ! 

NH 


'■0 . 


and to a small extent this takes place. But the greater part undergoes 
a different decomposition ; the NH is split off, and quinoles are formed. 
These can actually be isolated, and are indeed the main products of the 
reaction. 

OHpx/OH CH.v-OH 

+ H^O = iHl + NH,. 




NH 


IIJI 

II 

0 


They are, however, capable of further change, the quinoid ring having a strong 
tendency to go back to the normal aromatic structure. This can only happen 
by the migration of one of the two groups, hydroxyl and methyl, attached to 
the para carbon. Both of these groups can migrate. The methyl does so to 
a certain extent in the course of the reaction in which the quinoles are formed, 
with the production of a hydroquinone : — 

CH,v^OH OH 


lOi 

II 

o 


CH, 


0 

OH 


On the other hand, in the presence of alcoholic sulphuric acid, the hydroxyl 
migrates, being etherified at the same time : — 

CH3\/0H CHo 

EtO-Q 


o 

II 

o 


OEt 


The formation of ortho-aminophenols can be explained in the same way, 
except that the derivative of an ortho-quinone is produced : — 

Br Br Br Br 

o.= - "" 

N< 


Oh 

nhoh 


iO 


H 

„ ^OH 
NH 


0.OH 

NH, 


All these are examples of the second of the two possible reactions of the unsatu- 
rated group Ar-N\. There are also cases of the first reaction. For instance, 
phenyl hydroxylamine reacts with aniline to give o- and p-amino-diphenyl- 

anaine: — ^ ^ ^ ^ j 

^■N< + H-CeH^-NHa - ' 

Again, tolyl hydroxylamine and phenol form j?-oxy-phenyl-j?-tolyl-amme : — 
CHyCoH^N + H-CcHi OH = CH3 C3H4-N<® ■ 



101 


Ikyl-h ydi^oxylamines 

The /i-/ 3 -dialkyI-liydroxyIamiiies (Alk)2KOH can be made hj the oxidatioi: 
of the secondary amines,^ and smiilar compounds are got from the cyclic 
secondary amines, e. g. OsHio^-OH from piperidine and hydrogen peroxides 
They are also formed in two singular reactions, by treating zinc alkyl or 
magnesium alkyl halide with an ali:yl nitrite or a nitroparaflin.^ With an 
alkyl nitrite a substituted hydroxylamine is obtained which has the two 
alkyls from the zinc alkyl ; and we may assume an intermediate product 
to be formed which is then broken up by water: — 

r.jr /O-ZnCH, /OH 

G,HirO-N =0 4 - 2 Zn(CH,)o C^Hn.OH X~CH.. 

With a nitroparaffin one of the alkyl groups is added on to the carbon 
chain, apparently through the tautomeric isonitro form : — 

CH,-CH.vNOo -> 

“ ■ " ' CHs-OH. 

This last substance was for some time supposed to be triethyl amine oxide 


AMINE-OXIDES OR OXY-AMINES 

These bodies are derivatives of the hypothetical tautomeric form of hydroxyl- 
amine HgN^O. 

The first compounds of this type were prepared by Dunstan and Goulding,^ 

by the action of method iodide on hydroxylamine. The product is the hydriodide 

^OTT 

of trimethylamine oxide, (CH3)3N\j , which, when treated with potash, gives 

the oxide (CH 3 ) 3 N== 0 . If ethyl iodide is used instead of methyl iodide, the 
true hydroxylamine derivative Et2N*OH is formed first, and this on further 
treatment with ethyl iodide takes up another ethyl group, giving EtgN^O. 
With propyl or isopropyl iodide the action stops at the first stage, with the 
production of Pr2N-OH. 

A simpler method of preparation, also due to Dunstan, is to treat the 
tertiary amines with hydrogen peroxide, when they are directly oxidized to 
the amine-oxide:— Pp.^]S[ 4-0 = Fr3N=0. 

These oxy-amines have not been obtained in the anhydrous state. They 
separate from water in the form of hygroscopic cxystals of a hydrate, e. g. 
(GH3)3N=0, 2 H2O, which retains its water of crystallization with great 
firmness. The solution has a strong alkaline reaction, and it does not i^ediice 
Eehling’s solution, showing that the body is not a true hydroxylamine 

derivative. When treated with acid it gives a salt such as (CH3)3N<(^^, so 
that it behaves as if one of the molecules of water was chemically united 

» Mamlook, Wolffenatein, JBer. 33 . 169 (1900) ; 34 . 2499 (1901). 

^ Wolfi'enstein, Haase, Mer. 37 . 3228 (1904). 

“ Bewarl, J. pr. Oh. [2] 63 . 94, 193 (1901) ; Ber. 40 . 3065 (190?). 

* J.C.8. 1899 . 792, 1004. 
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A mine-oxides 


to f.™ a dihjter.,„„p„„„a (OHJXpg- Sima„lr, it eombm.a win. 

methyl iodide to give the ether-salt (CH3)3N<(j . 

When it is heated, trimethylamine-oxide breaks up \vith the loss of a i 
group into dimethylamine and formaldehyde : ^ 

(CH 3 ) 3 N =0 = (CH3)2NH + CH^O. 

r“ which i. a p„., 

&U. three methyl groups are directly attached to nitrogen. 

^ An analogous series of compounds are the oxides of the aromatic amiuM 

prepared by Bamberger, » by direct oxidation. They are formed almost quanti- 

ive y from any tertiary mixed amines, such as dimethyl-aniline, dimethyl 

hydrogen peroxide or Caro’s acid.2 They 
are eiystalhne compounds (^6N{CH3)3=0 melts at 152 °) which are excessive^ 
ygrosoopic, but apparently do not form definite hydrates. When heated 

They have an alkaline reaction and form salts with acids. They resemble 
Dunstan s alliyl compounds in their general behaviour, with one important 
xcep ion. wing to the presence of the benzene ring they can form substitu 

thatS T «itro-derivatives with nitrous acid. We may assume 

that in these cases the salts are first produced, and then isomerize:- 


H 

p 

CH3-N=0 + H-SOcH 
CH, 


H 

0 


I'lfT -vr^^OH 

OHg-N-^g 

CHg ^ 


SOgH 

0 


-f H,0. 


CH,-N 


OH, 


rnt . . * 

of' thfsrT substituents are ortho and para. In the case 

of the sulphonic acid it is mainly the ortho that is formed; in the nitro- 

SlertoC quantities of the two are obtained.' The reaction is 

Strotn i r 7 «i;tution of aniline ; but it is to be noticed that the 
to the result! pentavalent, which, however, seems to make no difference 

W.w ^ f compounds has been prepared by Haase and 

Wolffenstem by the action of hydrogen peroxide on the alkyl-piperidines : = 
■e. g. from N-ethyl-pif eridme the oxide J ^ 


CH, 
<j!Hg (^: 


H, 


CH, 


N=0 

CgHg 


2 (1899); 34. 12 (1901); 35. 1082 (1902). 

as malS:: ^^ZZtjyZilS^rt'T 

= 3X^558 (IsoTt Sor (isTo^""’ 
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Unlite the fatty^ but like the aromatic derivatives, these ])odies lose oxygen 
when distilled, re-forming the a IJvyl -piperidine. Indeed, the oxygen appears 
to be much more loosely attached than in either of the other two series; thus 
they break up into alkyl-piperidine and oxygen wutii almost explosive violence 
if heated in a current of h3^drochk>ric acid, and they liberate iodine from 
potassium iodide on warming. 

As has already been mentioned, methyl-ethyl-aniline oxide, (f>{OIL‘J 
can be broken up by the fractional crystallization of its d-brom-camplior 
sulplionate, into two optically active forms, which retain their activity not 
only when converted into the chlorides, but also in solution when treated 
with baryta, L e. in the form of the oxide or hydroxide.^ 


HYDEOXAMIC ACIDS 


These bodies are related to the amides as hydroxylamine to ammonia, and 
like the amides they have two possible formulae: — 


In no instance have the two tautomers been sei>arated, and it is even more 
difficult here than in the case of the amides to decide which of the two 
j*epresents the actual structure ; there are arguments of no great weight on 
either side. 

The hydroxamic acids are formed (like the amides) by the action of hydrox^d- 
amine on the esters or on the acid anhydrides." In the latter case an acyl- 
hydroxamic acid (generally known as a di-hj^droxamic acid) is produced, which 
is easily hydrolysed by alkalies to form the hjrdroxamic acid : — 


oh,-c<2 
CH3.C4 ^ 


H^NOH 




/■NTT 


They are also formed (often even in the cold) by the action of hydroxylamine 
on the amides, ammonia being expelled. 

They can further be obtained^ by oxidizing the aldoximes "with Caro’s acid : — 

■p fi/Ai -p p/OH 

which resembles the oxidation of an aldehj^de to an acid. Since the aldoximes 
are themselves formed b}’’ the oxidation of amines of the type E*CH^*XH2 with 
Caro’s acid, the hydroxamic acids are among the products of oxidation of such 
amines."^ They are also formed from the nitroparaffins by intramolecular 
change : for example, in small quantity by acidifying their alkaline solution ® : — 




R-C-; 


</OH 




— a somewhat unusual migration of oxygen. In the same way the sodium 


^ Meisenlieimer, £er. 41. 3966 (1908). See above, p. 30. 

.Teanrenaiid, J>e)\ 22. 1270 (18S9). Cf. Morelli, C. 08. ii, 1019. 

® Bamberger, Her, 34. 2029 (1901). ^ Bamberger, Ber. 36. 710 (1903). 

® Bamberger, Riist, JBer. 35. 45 (1902). 

♦ # 
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Hydroxamic Acids 


salts of the nitroparaffins when treated with acyl chloride form the di-hydrox- 
amic acids — 

/OH 






™3C-^ko.CO.E' 


The hydroxamic acid chlorides (having of course the hydroxyl on the carbon 
replaced by chlorine) can he got by the action of hydrochloric acid on the 
alkyl-nitrolic acids ^ : — 

CH 3 -C<gg|j + HCl = CH 3 .C<g^Ojj + HNO 3 , 
or by the action of chlorine on the aldoximes ® : — 

ch.-o<noh - oh.-<oh- 

The alkyl-hydroxamic acids are neutral, while the aromatic have an acid 
reaction. They all, however, form salts, the ferric salts having a characteristic 

deep red colour. Form hydroxamic acid, (obtained, for example, 

from formic ester and hydroxylamine), melts at 81-82° and explodes above 
this temperature, decomposing into carbon monoxide and hydroxylamine. Its 
yCl 

chloride, known as formyl chloride oxime, is closely related 

to fulminic acid, from which it can be obtained by the action of hydrochloric 
acid, and into which it is very easily converted; — 


pr p/Cl 


HCl + C=::N‘OH . 


Di-acet-hydroxamic acid, > obtained from hydroxylamine 

hydrochloride and acetic anhydride, is a strong acid, readily hydrolysed by 
excess of alkali to acet-hydroxamic acid. But if it is treated with half 
a molecular proportion of potassium carbonate it gives symmetrical dimethyl 
urea. This change probably takes place (like the Hofmann reaction) through 
the Beckmann rearrangement : — 

CHvOOK CHo-COO-G-OK 


GHvCO-O-N 


11 


CH.,-N=C=0 + CHo-CO-OK 


CHa-N 

2 CH;.-N=C=0 + HjO = (CH3-NH)2C=0 + GO.,. 

/OH 

The aromatic hydroxamic acids, such as benzhydroxamic acid, 

benzoyl chloride and hydroxylamine, or by the oxidation of benzaldoxime, &c.), 
closely resemble the alkyl compounds. 

The ethers (or esters) of the hydroxamic acids can exist in several isomeric 
forms. For example, if formic ester is treated with an a-( 0 -)-hydroxylamine, 
it gives a hydroxamic ether in which the hydrogen of the hydroxylamine OH 
is replaced ^ : — 

-1. TT -W.nTPf tt /n/OH 


+ HsN.OEt 






N-OEt 


^ L. W. Jones, Am. Ch. J. 30. 1 (1898). “ Wemer, Buss, Ser. 38. 1280 (1895). 

» Wielana, Ber. 40. 1676 (1907). * Nef, Ber. 31. 2721 (1898) ; Biddle, Ann. 310. 9 (1899). 
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On the other hand, if henzimi do-ether is treated with h 5 ’droxylaniine, an ether 
is formed in which the hydrogen of the other hydroxyl (COH) is replaced 
by alkyl:- 


(Here there is no tautomeric formuM possible, as the * wandering ’ hydrogen 
is replaced.) The ethers of this latter t 3 ’pe all occur in two modifications 
I when derived from the aromatic h37-droxamic acids), which must be stereo- 
isomers of the type of the s^m- and anti-oximes : — 


a (syn) 


^•C-OEt 

HO-N 


(anti) 


^•C-OEt 
N-OH ’ 


This is continued by the fact that the a-(syn]-ethers, when treated with phosphorus 
pentachloride, undergo the Beckmann change, and are convei-ted into phenyl - 
carbamie acids: — 

^-C-OEt ^ HO-C-OEt 0:O.OEt 

HO‘l (l>‘h ^ ’ 

while the /d-(anti)-ethers do not react in this w?ij, but form phosphoric esters.^ 


AMIDOXBIES 


These are related to the hydroxamic acids in the same way as the amidines 
to the amides : they are oxy-amidines . The hrst 

formula agrees best with their behaviour. The first member of the group 
(formamid oxime or isuretin) was discovered by Lessen ; ® the whole group was 
subsequently investigated by Tiemann and his pupils. 

Their method of preparation is similar to that of the amidines. The alkyl 
derivatives are got by the action of hydroxylamine on the nitriles : — 

E-CSN -f HoKOH = E-C-Jg®, 


the aromatic by the action of hydroxylamine on the thioamides, imido-ethers, 
and amidines. 

The 3 " form stable salts with acids, unstable salts with bases. The free 
amidoximes are easily hydrolysed, even by water alone, to hydroxylamine and 
the amide. Their hydrochlorides are converted by sodium nitrite into the 
amide and nitrous oxide : — 


E-C<^g^ -f HNO, = E 2 O -f H.,0. 

They resemble the hydroxamic acids in many ways. When treated with 
phosphorus pentachloride they are converted, by the Beckmann reaction, into 
alkyl-ureas : — 


E-C-HH. 

II •- 

HOH 


HO-C-HHo 

i! 

EN 


’ E-X-H 


’ Wemer, Her. 29. 1146 (1896). - Ann, Sp!. 6. 234 (1668), 

= Her. 17. 126, 1685 (18S4) ; 22. 2391 (1886), &c. 
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Pormamidoxiiaie , also known as isuretin, being an isomer of 

urea, is a solid melting at 114-115°, which h^ts a strong alkaline reaction. 

Oxy-amidoximes or hydroxamoximes, are also known, being 

obtained, for example, from hydroxylamine and a hydroxamie chloride. 


OXIMES OE ISONITEOSO-COMPOUNDS 

The most important and numerous class of hydroxylamine derivatives are 
the oxmies, containing the gi-oup >C=NOH. 

There are two chief methods of preparing the oximes. The first and most 
general is by the action of hydroxylamine on a compound containing a carbonyl 
group an aldehyde or a ketone. The reaction is quite general, and may be 
token as a criterion of an aldehydic or ketonic grouping. The number of 
instances in which, it does not occur is very small. 

It IS usually earned out by warming the aldehyde or ketone in aqueous 
or dilute alcoholic solution with hydroxylamine hydrochloride and an equiya- 
lent of sodium carbonate 


E.C<q + HaNOH 


H,0 + 


yiis generally suffices for aldehydes, but many ketones require a more energetic 
treatment, such as heating in a sealed tube with excess of soda. 

The velocity of formation of oximes by this method has been investigated 
by Petrenko-Kritschenko and Kautscheff.^ They used N/1000 solutions in 
oO per cent, aqueous alcohol. They did not determine the velocity constant 
ut only measured the amount of oxime formed in a given time by removing 
a sample and titrating the unchanged hydroxylamine either with iodine, or 

with hydrochloric acid, using p-nitro-phenol as indicator. Their chief results 
were as follows : — 

velocities of formation of oxime with hydroxylamine is 
loughly the same as that of the formation of hydrazones and of the bisulphite 
compounds. ^ 

2. Among the ketones, those with a methyl attached to the carbonyl react 
most r^udly, those with larger alkyls (especially secondary) more slowly. 

3. Eing ketones (such as keto-cyclohexane) foim oximes very rapidly, and 
those with O-rmgs very much quicker than those with 5- or 7-rings. 

• t’l hetones react more slowly than fatty, aromatic aldehydes more 

quickly than fatty. 

5. In the keto-acids, the substitution of CO^Et for CH. diminishes the 
ve oci y, and the more so the further it is from the carbonyl. Also the 
replacement of ethyl for hydrogen diminishes the velocity. The reaction is 
MkXs catalysed to some extent by acids, and much more so by 

4 

J. 0. 8. laoB ^ilO similar results were obtained in aqueous solution by Stewart, 

“ Acree, Am. Ch. J. 39 . 300 ((7. 08. i. 1389). 
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The second main method for preparing oximes is by the action of nitrous 
acid on the methylene group CHj. This is the exact converse of the first : — 

+ H2NC)H 

>C=NOH + H„ 0 . 

>C:H3 + 0;N0H 

It is not all metliylene groups which will react with nitrous acid, but only 
those whose hydrogen has acquired a more or less acidic character from the 
proximity of negative groups. Thus aceto-acetic ester gives the so-called 
isonitroso-aceto-acetic ester : — 

CHs-CO-QH^ + 0:N0H GHo-CO-C^NOH 

I = ^ I + H.O. 

CO-OEt CO-OEt 

The nomenclature of these bodies is rather confusing. It is to be noticed 
that there is no difference between the oxime and the isonitroso grouping. 
The distinction has reference only to the way in which the body is derived 
from its mother substance. Take acetone as an example. Its oxime, 
CH3-C(:N0H)CH3, is derived from it by replacing the ketonic oxygen by 
: while in isonitroso-acetone the =jSrOH replaces two hydrogens attached 
to one carbon, CHg-CO-CH.'NOH. Hence the difference of name indicates 
a real difference of constitution ; but it would be equally correct to call 
acetoxime isonitroso-propane, and isonitroso-acetone methyl-glyoxal monoxime. 

There is a third method of preparing the oximes which is of great theoretical 
interest. This is ScholFs reaction/ a modification of that of Friedei and Crafts. 
It consists in treating an aromatic hydrocarbon with mercury fulminate in 
presence of a mixture of hydrated and anhydrous aluminium chloride. We 
may suppose that in this reaction the water liberates hj^drochloric acid, which 
sets free fulminic acid. This, as will be shown later, has the formula C^ISFOH. 
It combines with more hydrochloric acid to give formyl chloride oxime 
H\ 

; and this reacts wuth the aromatic hydrocarbon in the normal 
Friedei and Crafts manner: — 

CoH.-H + g>C=NOH = HCl + ^ 6 ^)C=NOH. 

The actual product is therefore benzaldoxime. Unless a partially hydrated 
aluminium chloride is used, the product body obtained is a dehydration-product 
of benzaldoxime, benzonitrile. 

The oximes can also be prepared by the reduction »f the nitro-compounds 
and by the oxidation of the amines. 

The oximes are at once feebly basic and feebly acidic. They dissolve 
in alkalies, and also form salts in ethereal solution with mineral acids. They 
are, however, only in a secondary sense amphoteric electrolytes. The hydrogen 
ion to which the acidic properties are due is derived directly from the oxime : — 
EgC^I^OH B^C^NO' -f H', 

while the basic properties are due to the nitrogen becoming pentad, as in 
the salt E2C=NH(0H)CL 


1 Ber, 36. 10 (1903). 
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When the oximes are warmed with acids they break up again into 
hydroxylamine and the aldehyde or ketone, the reaction by which they are 
formed being reversible: — ^ 



In this particular case equilibrium is attained from either side (in presence 
of one equivalent of mineral acid) when about two-thirds of the acetone has 
been converted into oxime ; and this equilibrium is very little affected by 
the temperature.^ 

The ketoximes when treated with sodium ethylate are converted into 
ethers, such as (CH3)2C:NO*Et, which on hydrolysis with acids yield the 
a-hydroxylamines, as H2NOEt.^ 

The ketoximes are converted by acetic anhydride into their acetic esters, 
the oxime hydrogen being replaced by acetyl : — 

E2C:N0H E2C:N0.C0*CH3. 

But most aldoximes do not give this reaction, the anhydride acting merely 
as a dehydrating agent and forming the nitrile : — 

= E-C=N + H^O. 

If treated with acetyl chloride many oximes undergo the remarkable 
Beckmann reaction, the nitrogen inserting itself into the middle of the chain 
to give a substituted amide: — 

CH3.C.CH3 CH3-(j^:0 
N-OH HN-CHg’ 

On reduction with sodium amalgam in dilute acetic acid,® or electrolytically 
in presence of strong sulphuric acid, or with calcium turnings in alkaline 
solution in presence of mercuric chloride,"^ they are converted into amines. The 
electrolytic method has been used commercially, for example, for the preparation 
of isopi'opylamine ® : — 

^^^^Oz:]srOH + 2 H2 = ^ ^2^* 

On oxidation (with Caro’s acid) the oximes undergo two changes.® In the 
first place the CH group is oxidized to COH, giving a hydroxamic acid : — 

^•CH=NOH + O = 0 -C<^Qjj • 

This is the common behaviour of hydrogen attached to a carbon which carries 
no other hydrogen, as in the oxidation of aldehydes to acids. At the same 
time part of the oxime is oxidized in a different way, giving a nitro-compound : — 

^•0<N0H + ® ^ 


^ Erancesconi, Milesi, €, 02. ii. 259. ^ 

^ The velocity of etherification of the oximes has been examined by Goldschmidt, Z, f, 
EleMrochem.‘14s, 581 ((7. 08. ii. 1351). 

^ Tafel, Pfeffermann, Ber, 35. 1510 (1902). * Beckmann, Ben 38. 904 (1905). 

® C. 03. i. 1162. Bamberger, Ben 33. 1781 (1900). 
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Formaldoximej^ if it is rapidly prepared, can be obtained in tbe monomolecular 
form as a liqnid, HoC^NOH, boiling at 84-5"' ; but this rapidly changes to 
a potynier, probably (HoCNOH)^* a gelatinous body insoluble in organic 
solTents, but soluble in acids. If this polymer is heated it volatilizes, giving 
a vapour whose density shows it to be monomolecular. If it is carefully 
heated in a test tube, liquid drops oi the simple oxime are deposited on the 
sides of the tube ; but they change almost immediately into the solid j)olymer. 
Ill this strong tendency to polymerize formaldoxime resembles formaldehyde itself. 

On sudden heating formaldoxime breaks up into water and prussic acid. 

Acetaldoxime, CIIo*CH:NOH, shows signs of occurring in two modifications.^ 
The ordinary form melts at 47" ; but if it is kept at or above this temperature 
for some time, it does not freeze till much lower, and the longer it has been 
heated the more supercooling is recj[uired. Even when the freezing has begun 
the crystals only separate slowly, though they are always found to melt at 47^". 
This behaviour suggests that the heated liquid may be a solution of the 
ordinary form in one of lower melting-point. ^OH 

If chloral is treated with hydroxylamine, an addition-product, CCl.j-OH , 

” '"'NHOH 

is first formed, %vhich, however, readily loses water to give the oxime 
€Cl 3 -CH:NOH. We may suppose that such an additive compound is the 
lirst product in all cases of oxime formation, though it has not been isolated 
in any other instance. 

The oximes of diketones may be obtained in two ways. The diketone 
may be treated with hydroxylamine, which gives the mono- or dioxime according 
to the quantities employed j or the monoxime may be made (as the isonitroso- 
compound) by treating a mono-ketone with nitrous acid. In the latter case 
the oxime (isonitroso) group can often turn out another group to make room 
for itself. Thus, if inethyl-aceto-acetie acid is treated with nitrous acid, the 
monoxime of diacetyl (isonitroso-ethyl-methyl-ketone) is xn’oduced : — 

CH. 0H,> 

OH;>-CO‘GH -f 0:N0H = GH-CO-C^NOH GO, + H^O. 

GOGH 

When the product is boiled with acids it splits off the NOH in the normal 
manner, and diacetyl is formed : — 

GH3*G0.C(:N0H)GH3 + HaO = CH.-CO-GO-CH^ -f HoNOH. 

Thus, by tlie successive action of nitrous acid and hydi'olysis a CH 2 group 
is converted into CO, the nitrous acid being reduced to hydroxylamine. In 
the same way aceto-acetic acid itself gives isonitroso -acetone and carbon dioxide, 
while aceto-acetic ester does not split off the carboxyl, but forms its own 
isonitroso-derivative : and aeetone-dicarboxylic acid gives di-isonitroso-acetone : — 
CH^-COOH 0:N0H gH:NOB 

CO + . = CO -f 2 H.,0 + 2 CO.,. . 

CH 2 COOH 0:N0H CH:ITOH 

^ Cf. Bimstan, Bossi, ./. C. S. 1898. 353. 

Bunstan, Bymond, J*. C. S. 1894. 206 ; Carvetli, C. 98. ii. 178 ; Dutoit, Fath, C. 04. 2 . 256. 
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It is to be noticed that all those compoimds which contain at once 
a carbonyl and a C=NOH group dissolve in alkali to form a deep yellow 
solution^ whereas if all the keto-groups are«^ converted into oxime, the alkaline 
solution is colourless. Thus di-isonitroso-acetone, CII(:NOH)CO*CH=;NOH. 
gives a reddish yellow alkaline solution. Hydroxylamine converts this body 
into tri-isonitroso-propane, 0H(:1S[0H)C(:]S0H)CH:N0H, whose alkaline solution 
is colourless. There can be little doubt that this is due to the fact that the 
bodies of the former class (a-keto-oximes) are pseudo-acids : that their alkaline 
salts are derived from a tautomeric form. Thus the colourless iso-nitroso- 

acetone is OH 3 ‘CO‘C<^^qjj ; but in the alkaline salt some kind of interaction 


must occur between the carbonyl and the oxime groups, which we may 


represent by the formula 


CH3C-O 1 

II K, 
HC-NOj ’ 


as in the formation of the chromo- 


salts of the 6c-nitroketones, the dinitroparafiins, and the nitrophenols. If 
all the ketone groups are converted into oxime groups this particular form 
of tautomerisjn is no longer possible. 

In the aromatic series, however, the dioximes of a-diketones (a-quinones) 
show a similar tautomeric behaviour.^ The cc-quinones of benzene, naphthalene, 
and phenanthrene are themselves red, and their dioximes yellow. These 


dioximes all form anhydrides, I ^)>0, which are colouidess. Their ethers, 
--C^lSrOAlk 

1 , in the naphthalene series are yellow, and in the phenanthrene 

-c-NOAik 

as I 


series colourless. The salts, as 




are dark red in the benzene 


derivatives, yellow in those of naphthalene, and nearly colourless in those 
of phenanthrene. Such facts as these show the weakness of the ^quinoid^ 
theory of colour : for all these compounds, as usually written, contain the 
same quinoid ring. We must suppose an equilibrium between two tautomeric 
forms, one colourless, no doubt the simple quinoid form, and the other 
coloured, in which the twm oxime groups interact : — 


NOX _ 

NOX '^NOX ■ 

Colourless Coloured 



The first structure will be that of the anhydrides, and will predominate in 
the free oximes: the salts will mainly consist of the second. 


I STEEEOISOMERTSM OP THE OXIMES 

The study pf the aromatic oximes led to the discovery of the stereoisomerism 
of trivalent nitrogen.” The question was ©pened by the discoveiy of V. Meyer 
and Goldschmidt (1883-8) that benzil dioxime, <^-C:NOH*C:XOH-«j&, exists in two 
isomeric forms. The investigation of their properties showed that they must 

^ Schmidt, Soil, Ber, 40 . 2464 (1908) ; Hanfczscli, Glover, ib. 4344. 

2 The earlier history of this subject is well given by Lachman, The Spirit of Orgaiiie 
Chemistry (1899). 
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both have the same structural formula. They are both hydrolysed by acid-- 
to form benzil, and therefore have the carbon chain unaltered; they boti. 

\deld oil oxidation the same body, 1 _ _ J. , and they both have the same 

molecular weight. It is interesting notice that this was the first application 
of Eaoult's cryoscopic method in organic chemistry — a method afterwards 
improved by Beckmann in connexion with the same subject. 

Since structural isomerism was excluded, it was natural to suggest stereo- 
isomerism. But in benzil dioxime stereoisomerism of the carbon is impossible 
unless WG suppose that the two central carbon atoms are incapable of frer 
rotation about the line joining their centres of gravity. In that case there 
are two possible arrangements : — 






/C=:NOH 


But vanT Hoff's second law% which is {supported by an enormous mass o\ 
evidence, declares that with two singly linked carbon atoms free rotation 
must be possible; and no parallel case of stereoisomerism of this kind could 
be adduced. If, however, the assumption is made, it is easy to show that 
three isomeiic- dioximes of. benzil and three monoximes are possible: and 
when, in 1889, V. Meyer and Auwers actually discovered a tliird dioxime 
and a second monoxime, it seemed as if this hypothesis must be accepted. 

Meanwhile, in 1886, Beckmann had found that benzaldoxime, ^•CH.'hTOH, 
could be converted into an isomer. Here the explanation offered for the 
benzil derivatives is impossible, because there Is no second carbon atom ; and 
hence chemists adopted the theory that the second oxime had the formuhj 
(^.CH—NH. 

^ 0 / 

This theory soon received apparent confirmation from the following 
discovery. If the two benzaldoximes are treated with benzyl iodide and 
alkali, they are converted into two isomeric benzyl ethers, which, according 
to the received formulae of the oximes, should be 

9 [)*CH:hrO-OH 2 -^ and ^-CH— 


and it was shown that they actually had these formulae by the fact that 
on hydrolysis one gave a-benzyl-hydroxylamine, H 2 h['OCH 2 *^, and the other 

, But before long this view was overthrown by the work of Goldschmidt. 
He investigated first the behaviour of the benzil oximes wdth phenyl isocyanate, 
This body reacts readily both with OH and with NH groups. With 
hydroxyl compounds it gi^es urethane derivatives ; for exam]>le, with alcohol, 
phenyl urethane: — 

<p.-E=G-o _ 

+ HO-Et - . 



Oxmes 

pllny ““ r"'’® “ y^S- -a ■Ji.ttyto, diethyl- 

>C:0 = - \C:0. 

NEta EtaN 

Hence pLeuyl isocyanate should react differently with the oxime« n,.. ;i- 
.3 they are R.CH:NOH or E-C^-Rh: GolAmm 

the two isomeric benzil monoximes gave the same product with this reagent- 

views of Meyer and Auwers, who regarded these isomers as structurallv 

O -tiff the same reagent to the two benzaldoximes^ 

Goldschinidt found that they too gave identical products, which was incon’ 
mstent with Beckmann’s view that the benzaldoximes were structural isomers' 
And Goldschmidt pointed out that his evidence was much stronger than 

thaV^^'^V ^^1 ®®‘^hmann had only shown 

at the benzyl ethers were structurally different ; and we know of many 

cases where the same mother substance gives two series of ethers. ^ 

Thus it was shown that the benzaldoximes, like the benzil oximes, were 

bmutrJ ^ T ^Pothesis of the absence of free rotation, 

biou^ht fomard to explain the isomerism of the benzil derivatives~a hypo- 

^~le to 

im7tlni!.^-“* ^ P"P"" fundamental 

mpoitance, in which they offered a solution of the whole problem which 

n hypothesis consists 

in this, that tho stereoisomerism is referred not to the carbon, but to the 

mtiogen, or rather to the two together. In the ordinary case of triad 
nitrogen, where the nitrogen is united to three different monovalent groups, 
t IS most natural to suppose that the three valencies are equally distributed 
m a plane, which would make stereoisomerism impossible. But there are 
many compounds in which a triad nitrogen atom replaces a CH group, as in 

■f 1 * iTl^ H 

senes ^ 1^, or in benzene and pyridine. In such cases it seems 

possible that the three nitrogen valencies may be arranged in the same way 
as the three free valencies of the carbon in CH ; that is, in the directions 
lom the centre towju'ds three angles of a tetrahedron. This is the hypothesis 
which Hantzsch and Werner suggest: they represent the three nitrogen 
vMencies as directed towards three angles of a tetrahedron, of which the 
nitrogen atom itself occupies the fourth angle. Thus, a compound with 

doubly linked triad nitrogen of the general formula y)>C=N-Z may occur 
in two stereo-modifications: — 

7^ ■ X,^ ,T 



’ Her. 23 . 11 ( 1890 ). 
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which for the sake of brevity may be written 

X-CY X-CY 

It ♦ and 11 
N-Z Z-N 


Tiie case is exactly parallel to that of the double-link carbon isomerism, as 
ill fumaric and maleic acids, where fhe general type is 


a-C-b 

II 

a*ab 


and 


a-C.b 
11 . 
b-C-a 


The truth of this theory was finally established by three further discoveries. 

In the first place, it was found that in man^^' cases the benzoyl and acetyl 
esters of the oximes can exist in three forms. One of these is the N-ester; 
but the others are both 0-esters, and must be stereoisomeric, since there is 
no other possibility. 

Secondly, the occurrence of stereoisomeric oximes has been found to depend 
on the two groups attached to the carbon being difierent. It is obvious that 
on Hantzsch and Werner's scheme, if X and Y are identical, no isomerism 
can occur, and the facts have been shown to agree with this. Even the slightest 
difference between the two groups is sufficient to cause isomerism, but unless 
some such difference occurs, no isomers are obtained. Thus benzophenone oxime. 


N-OH’ 


onty occurs in one form, whereas of j?-chloro-benzophenone oxime 


there are two, 


(i6.C.CeH,Cl 

N-OH 


and 


HoJ' 


Thirdly, it has been found possible to assign to the various isomers 
their stereo-formulae in a consistent manner. The considerations employed 
in determining them are as follows : — 

To begin with, a nomenclature is required for these compounds. For this 
purpose Hantzsch and Werner use the prefixes spi- and anlh, the former 
denoting that the hydroxyl is near to, and the latter that it is remote from, 
that group (of X and Y) which immediately follows the prefix. Thus the body, 
(k.Q.Q ‘CH 

HOX ^ ^ called syn-phenyi-tolyl-ketoxime, or antx-tolyl-phenyl- 

ketoxime. When one of the groups reacts with the hydroxyl, as in the 
aldoximes (which can give nitriles), the name is so chosen that the reactive 
form is called syn ; thus of the two benzaldoximes : — * 

(Eeactive) (Not reactive) 

N-OH _ HO-X 

Benz-synaldoxime Benz-antialdoxime 

(not anti-benzald oxime) (not syn-benzald oxime) 

The dioximes of the symmetrical diketones can occur in three forms, 
distinguished as syn, anti, and amphi : — 

syn -C - -y- ’ anti -C-G- _ ,anplu-C— -C- _ 

N-OHHO-N HO-N N-OH N-OII X-OH 

In determining which configuration is to be assigned to each oi the tvii^ 
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isomers, we rely mainly on two reactions. The first of these, which applies 
to the aid oximes alone, is the formation of nitriles. For example, the 
two henzaldoximes can easily he converte(f into acetyl derivatives, which are 
readily saponified, and so must have the acetyl attached to oxygen, not 
nitrogen : and which can be readily turned into one another, and therefore 
must be stereo- and not structural isomers. Their formulae are therefore;— 


„d 

H-O-CO-CH, CHg-COO-N 


On gentle warming with sodium carbonate one of these esters forms 
benzonitrile : — 

^ 11 == -f CH.-CO-OH, 

while the other gives no nitrile, but only regenerates the original oxime 
by saponification. Hence the first must be the syn-conipound, derived from 
benz-synaldoxime, since this has the hydrogen and the O-CO-CIT^ close together ; 
while the second must be the anti-body. 

With the ketoximes we cannot use this method, and we have to rely on the 
Beckmann intramolecular transformation. In this strange reaction, which is 
brought about, often at the ordinary temperature, by various reagents, of which 
acetyl chloride, phosphorus pentachloride, and concentrated sulphuric acid are 
the most commonly used, the oxime is converted into a substituted amide. 
Thus benzophenone oxime gives phenyl benzamide (benzanilide) : — 


r jj r 
N-OH 




The reaction is most simply explained as consisting in an exchange of the 
hydroxyl with one of the groups attached to the carbon : — 


X-C*X X*COH XCO 
ij — > II > j » 

N-OH N«X NHX 


If the two groups attached to the carbon are different, it can go in two ways : — 

X-C-Y ^X-CO-NHY 
11 

N-OH'-^Y-CONHX 


Thus, wherever stereoisomerism is possible, it is also possible to get two 
products in the Beckmann reaction. It is evident that, if our interpretation 
of the nature of the isomerism and of the nature of the Beckmann reaction 
is correct, the group which becomes attached to the nitrogen is t|iat which 
was in the syn-position to the hydroxyl in the original oxime, e. g. 

X-^-Y ^ X-C-OH X-C=0 

N-OH N-Y NHy' 

ft 

X-C-Y HO-C-Y 0=C Y 
HO-N X-N NHX ‘ 

Now it is found that in all cases of stereoisomeiie ketoximes one form gives 
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only one product in tiie Beckmann reaction, while the second form gives 
some of this product, hut mainly^ the other. This only means that the 
second isomer is less stable than the first, and in the course of the reaction 
is partly converted into it. It does not prevent us from drawing conclusions 
as to the spatial configurations of the two forms from the |)roducts of the 
reaction. For example, one of the phenyl- tolyl-ket oximes gives only toiuic 
anilide, whence we can infer that it has the hydroxyl and the phenyl in the 
syn-position : — 

CH3.06H4.C-^ OHo-CgH^-C-OH CHyCyH^.G^O 

]t-OH ^-(f) NH^£> ’ 

while the other gives some of this, but mainly the toluidide of benzoic acid, 
so that it must be the anti-phenyl compound : — 

® ir -> ir r ■ 

HO-N CH3-CoH4-N CH3C6H4-NH 

By means of these two reactions — the formation of nitrile with the aldoximes 
and the Beckmann reaction with the ketoximes — we can assign stereo-formulae 
to all the known isomeric oximes. 

Now although there are no known cases of isomerism where the two groups 
attached to the carbon are the same, yet there are many cases in which they 
are different, where isomers cannot be obtained. And these cases occur not 
at haphazard, but regularly, in particular classes of oximes. Thus, nearly 
ail aldoximes in which the OH:NOH grouj^ is directly attached to the benzene 
nucleus give isomers ; but they are not obtained with the mixed (aryFalkyl) 
ketoximes, such as acetophenone oxime. This is no objection to the theory 
of Hantzsch and Werner; it indicates that one isomer is so unstable that 
it changes spontaneously into the other : which is confirmed by the fact that 
in all cases of this kind — where only one solid form is known — it gives only 
a single product in the Beckmann reaction, showing that it consists whoUy 
of one isomer. Thus, ^vhen the mixed ketoximes are submitted to the 
Beckmann reaction, it is always the aromatic group which migrates to the 
nitrogen, proving the oxime is the syn-aromatic body ; e. g. that acetophenone 

“ Hoi ' • 

■» 

The unsymmetrical purely aliphatic ketoximes, which also give no isomers, 
are oils ; when treated by Beckmann’s method they give a mixture of the two 
possible amides, and are therefore, no doubt, themselves mixtures of the isomeric 
oximes. This affords a good example of the general rule for tautomeric 
substances, first laid down by Enorr, that a solid tautomeric body must consist 
wholly of one form, while a liquid tautomer must always be a mixture of the two. 

The greater stability of one form of an unsymmetrical oxime is an indica- 
tion that the hydroxyl of the oxime group is more strongly attracted by one 
of the groups attached to the carbon than by the other ; and from an ’extensive 
study of these compounds Hantzsch has compiled a list of radicals in the order 
in which they attract the hydroxyls : so that if an oxime has attached to the 
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carbon two of these groups, the more stable isomer will have the hydroxy 
on the same side as the radical higher on the list : — 

1. -CH2*C00H (strongest attraction for hydroxyl). 

2. --CH2*CH2.C00H. 

3 . >-COOH. “ 

4 . 

5 . -CqH^X (meta or para). 

6. ~C04. 

7 . -CeH^X (ortho). 

8. -C4H3S (thienyl, the thiophene residue). 

9 . — + X (>2- > 1 ). 

10. -CHo. 

In the case of any ketoxime, the chance of getting isomers is greater the 
nearer the two radicals stand on the list, since the ‘preferential’ attraction 
of the hydroxyl is less. But it is to he noticed that this list applies only 
to the oximes themselves. If the hydrogen of the hydroxyl is replaced, as 
in the formation of an ester or a salt, these relations no longer hold. 

Besides the above-mentioned cases of the purely aromatic ketoximes, some 
of the more complicated fatty ketoximes give isomers, and also apparently 
some quite simple fatty aldoximes. 

Beckmann has recently announced^ the discovery of a third modification 
of benzaldoxime and of certain other aromatic aldoximes. These forms are 
very unstable, and readily change into the usual isomers. They have not yet 
been fully investigated, and we may assume provisionally that they are only 
cases of crystalline dimorphism, like that of acetophenone. 

A remarkable confirmation of the theory of Hantzsch and Werner has been 
afforded by the recent work of Mills and Bain.'-^ They prepared the oxime 
of jp-keto-hexamethylene carboxylic acid : — 

H COOH 
C 

H2^^H2 



11 

, NOH 

The quinine salt of this oxime-acid was separated by fractional crystallization 
into two parts. When one fraction was treated with soda and the quinine 
removed by ether, the resulting solution (of the sodium salt) showed distinct 
rotatory power, which, however, was desti’oyed by the addition of hydrochloric 
acid. It was thus j^roved that the oxime can exist in two optically active forms. 

This activity is only possible if the molecule has no plane of symmetr3^ 
Now a plane perpendicular to that of the ring will p^ss through the carboxyl 
and the hydrogen attached to the same carbon atom, and also through the 
carbon and the nitrogen of the oxime group, the two valencies joining these last 


Bet\ 3 > 7 . 3042 ( 1904 .) 


* Proc. a, 8, 25 . 177 ( 1909 ). 
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two atoms lying in this plane. Hence the remaining group, the oxime 
hydroxy], must lie outside it : or, in other words, the three valencies o e 
nitrogen cannot lie in one plane."' The asymmetry is analogous to tha o 

carbon compounds of the type ^>C<C3C'=C<g • 

This discovery incidentally disposes of the vie-w, to which some chemists 

are stni attached, that the isomeric oximes have the structure 
of the formula H COOH 

0 

C 

would have the hydrogen and the carboxyl, and also the oxygen an le 
nitrogen of the oxime, in one plane, perpendicular to that of the ring. . 

thus admit of ‘ geometrical ’ isomerism (like that of the hexahydro terep a ic- 
acids), but not of optical activity, since it would be symmetrical. 


The formation of oximes offers some remarkable instances of stereo-hindrance, 
in which the carbonyl group of the ketone is, so to speak, blockade^ y 
other parts of the molecule so that the hydroxylamine cannot get at it, or not 
without difaeulty. These occur where the carbonyl is directly attached to the 
benzene nucleus, and may be regarded as special cases of stereo-hindrance 
of the benzoic acid derivatives, as such ketones are really derived roni n ^ 
acid. A ketone of this kind, if it has both the ortho positions on the ring 
occupied, will not give an oxime at all. Thus acetomesitylene, 


CH., 

GHs-O-CO-OHa, 

CH. 

if it is heated with hydroxylamine on the water bath, does not react. If the 
two bodies are heated together in a sealed tube to 160°, they go at once o e 
product of the Beckmann reaction, acetomesidide : — 

OH. 

CHs-O-NHCOCHs, 

CHs 

showing that at this temperature the oxime has a transient existence. Again, 
in benzophenone, O-G0-O> the close proximity of the two phenyl groups 
makes the carbonyl dif6.cult of approach, and in order to ^ ° i, i 

the body must be heated on the water bath with hydroxylamine or a ^ ® ® 
day. If one ortho position on each ring is occupied no oxime can e iso a e , 
there is no action with hydroxylamine except under very energetic rea men , 
which converts the oxime as’fast as it is produced into the Beckmann pro uc 


O-c O 

\Iioh/ 

CHa CHa 


CHa CHa' 


I 
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Finally, if all the four ortho positions on the two rings are occupied by 
methyl groups, CH3 CH., 

O-co-O, 

CHs CH3 

hydroxylamine lias no action on tlie compound whatever. 

As examples of the aromatic aldoximes, those of henzaldehyde may be 

considered. <^.C-H 

The cc-form, benz-anti-aldoxime, , is obtained directly. It melts 

HO'Jn 

at 35°. If treated with hydrochloric acid in ether at 0° it forms its hydro- 
chloride, melting at 193-195° ; but at the ordinary temperature the hydrochloride 
of the syn-compound, melting at 66°. If the free a-oxime is treated with 
hydrochloric acid or sulphuric acid it is converted (through the salt) into the 
/3-form, the syn-aldoxime. 

0-C-H 

The /3-form, benz-syn-aldoxime, obtained from the a by one 

of the above methods. It melts, when rapidly heated, at 128-130° ; if it is 
slowly heated, or left for some time in contact with alcohol, or boiled with 
ether, or distilled in vacuo, it goes over into the a. 

Beckmann’s third modification is got by fusing the a-form and cooling 
rapidly to a low temperature, when it separates in crystals, melting at + 5°. 

The a-oxime, when dissolved in alcoholic potash, gives with benzyl iodide 
mainly a liquid benzjd ether, which on hydrolysis with hydrochloric acid 
yields henzaldehyde and a-benzyl hydroxylamine, from which 

bodies it also can be synthesized. It is, therefore, the 0-ether 0-CH=N*O-CH20. 

The /3-oxime with benzyl iodide gives mainly a solid benzyl ether, which 
hydrolyses to henzaldehyde and ^-benzyl hydroxylamine, HNOH-CH20, and 


can be synthesized from them. 
The oximes of anisaldehyde 


It therefore has the formula (p-CIL^ ^ 
(p-methoxybenzaldehyde) are remarkable from 


CH.O-CeH^-C-H 

the fact that while the syn-compound is tasteless, the anti-form, ? 

is intensely sweet. 

As examples of more complicated derivatives, we may consider the oximes 
of benzil, <p‘CO'CO’<p. There are two monoximes and three dioximes, as 
required by the theo^. They all differ in their physical properties, and are 
obtained from one another by the same methods as the two benzaldoximes. 
Their structure is established by the following facts : — 

1. They are all decomposed by hydrochloric acid to give hydroxylamine and 
benzil, and therefore have the same carbon chain 

2. They yield both O- and N-ethers and esters. But the isomerism of the 
oximes is repeated in the 0-ethers, which shows that it is stereoisomerism, 
since the only structural isomerism possible, that of the N-ethers, is excluded 
I y the independent existence of these compounds. ^ 

3. Further, the isomers can be converted into one another by all the means 


usually effective in bringing about stereo-chemical change. 

4. As regards the dioximes, their identity of structure is shown by their 
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giving the same anhydride, and on oxidation with potassium ferricyanide the 
same peroxide (h.Q — 0-0 0-0— C-0 

N N " and N N. 

The formulae are determined mainly, as usual, by the Beckmann reaction. 
The two monoximes are known as a and y : the three dioximes as a, y8, and y. 
The y-monoxime in the Beckmann reaction gives benzoyl formanilide ; this 
indicates that it is the syn-phenyl compound: — 

^6.C0.C*0H 0.CO-CO 

11 — > 11 > 1 

N-OH 1^4 NH^6 

The a-oxime is the unstable one, and has a great tendency to go over into 
the y ; but by careful treatment it can be made to give dibenzamide, as would 
be expected from the anti-phenyl compound : — 

(p-C0‘C4 ^ IL0‘C4 ^ O=:<p-0 

With the dioximes the case is more complicated, and the results are less 
certain. The /3-dioxime in the Beckmann reaction gives oxanilide ; it must 
therefore be the anti-compound : — 

(p-C-C4 HO-C-C-OH 0=0 — 0=0 

^ II ir nil , i I 

HO-N N-OH 0-N 1^4 

It is less easy to determine which of the other two is syn and which is amphi. 
The a-dioxime gives dibenzenyl-azoxime, which has no phenyl on the nitrogen. 
It should therefore be the syn-compound : — 


^ il 


-C.0 


N-OH HO N 


0-G-OH 

h- 


HOs 


N 
11 ^ 
-G-<p 


O 

0-C^N 
II II . j 
N— C-0 


wMle the y gives benzoyl phenyl-urea, and so should be amphi 


0-C- 
11 


-p.0 


N OH N-OH 


0-C-OH N-OH 

1-^-0 


0-C-OH N-0 
N ^-OH 


0-0=0 NH0 
NH— C=0 


and 


This formula for the y-oxime is confirmed by the fact that it is the form produced 

<p-Qm4 

by the direct action of hydroxylamine on the y-monoxime 

therefore we should expect that it must have at least 4mk hydroxyl turned 
outwards. 

On the other hand, the y-oxime is more easily converted into the anhydride 
than either of the other two ; and from this we should infer that it ^vas the 
syn-form C-6 0.C— 0-^ 

N isr 

The peculiar character of^the Beckmann reaction has led to various attempts 
being made to suggest a probable mechanism for it. It does not stand alone. 

XC‘Y 


X-OH HO-N 


There is a general tendency for compounds of the type 




to go over into 



120 


Oximes 


^ !i . Of this we have already suet with at least three examples besides 
X-N . . ^ 

that of the oximes, namely the Hofmann reaction (amines from amides), the 
Curtins reaction (amines from azides), and the hydroxamic acids. In all these 
cases the chain is first broken and then pat together again in the same unusual 


CHs-C-p^ 

W 


CH3.<J.0H 

N-CH. 


way. It is natural to suggest the formation of some intermediate product. 
Wallach’ has proposed the series 
CHa-C-CHs 
N-OH 

This is the kind of explanation one looks for, but the point where the ring 
is assumed to break seems improbable, and if the theory is applied to the 
aromatic compounds it leads to a conclusion which has been shown to be 
false. For whereas on the ordinary view of a mere change of positions 
the oxime of a para-substituted benzophenone should give a para-anilidej 
on Wallaeh’s hypothesis it should give a meta-anilide : — 


Xl 


0 


-c 

NOH 


Ox 


0 


rO-OH 

N- 


Usual theory. 


t). 


IfOH 




Wallach’s theory. 


Now di:p-dichloro-benzophenone oxime has been found to give an anilide 
in which the chlorine is still in the para position,'^ which is incompatible 
with this view. 

The reaction has been further examined,^ in the case of the oximes of the 
a-diketones, such as benzil, by Werner and his pupils. They used benzene 
sulphonic chloride as the reagent to bring about the change, and showed 
that it would act in presence of aqueous alkali, and even in pyridine solution. 
They further showed that the reaction could take place in two ways ; for 
example, with the (a) anti-phenyl monoxime of benzil : — 


N-CO-^ 

N-OH ^ CO-0 

N OH 


Type I (normal). 
Type II. 


In the case of the monoximes of the cyclic diketones, snch as nitroso- 
)0-naphthol, benzene sulphonic chloride in pyridine solution always causes 
a reaction of the second kind: — 




I' 


» Ann. 3-t6. 266. “ Montagne, Sec. Trciv. as. 376 (C. OT. i. i“€- 

* VSTerner, Piguet, JBer. 37. 4295 (1904); W>rner, Detsclieff, JBer. 33 . gg (1905). 
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In tlie same way tlie monosime of plienantlirene quinone, which in acid 
solution undergoes the normal Beckmann change (type I): — 

(^0 CgH4— C^O 

! ! I >K', 

C^H4-C=N0H, CoH^-C-OH 
in pyridine solution gives the reaction of type II: — 


CoH4-C=0 

CoH4-C=NOH 


CcH,-C=N 


So too the a- (anti-phenyl) oxime of benzoin gives benzo-nitrile and benz- 

iiMehyde : — 


+ 


CHOH-0 0.0 


W + O:CH0; 


0.C 

N-OH N ■ OH 

while the /3-oxime gives the normal reaction. This reaction is not confined 
to the oximes of a-diketones, but occurs also, for example, with camphor 
oxime. 

The occurrence of this second type of Beckmann reaction seems to 
indicate that an intermediate compound, such as Wallach supposes, is not 
required ; but that the two groups on the same side of the C=N are 
actually split off as such, and may either go back again in the reverse 
order (normal reaction, type I), or may combine with one another (type 

The dynamics of the Beckmann reaction have been investigated by Sluiter,^ 
who examined the change of acetophenone oxime into acetanilide in presence 
of sulphuric acid : — 

0.C.CH, 

HO-i 

He finds that the reaction takes place in three stages (HX *= acid):- 

L RC-Bi R‘C-Ri 

11 + HX - H ^ 

N-OH N.X 


^XH-CO-CHg. 


H 2 O. (Quick) 


11. 


HI. 


HoO 


RCX 
11 . 
N-Ri 

R(p=:0 

NHRi 


(Slow) 


+ HX. (Quick) 


R-C-Ri 

I! ^ 

N-X 

E-G-X 

II 

- X-Ei 

So that the velocity measured is that of reaction II, , It was determined 
(at 60“-65°) by pouring the solution after a definite time into water, distilling 
it, and titrating the acetic acid which came over. The reaction was shown 
to be monomolecular, the temperature coefficient being about 3 for 10 degrees. 
The velocity dej^ends largely on the concentration of the sulphuric acid. Thus 
at 60° an acid of 99-2 per cent, converts nearly the whole in 15 minutes, an 
acid of 93 ‘6 per cent, only half in 275 minutes. 


^ A similar change in the case of diacetyl monoxime is given by Diels and Stern, Bei\ 40. 1622, 
1629 (1907). 

2 Mec, Trav, 24. S72 (C. 05. ii. 1178). 



CHAPTER VI 


NITROSO-COMPOPNDS 

The nitroso-compounds, properly so called, contain the grouping 
attaclied to carbon. (The nitrosamines, in which the is joined to 

nitrogen, will be dealt with later.) They are not a large group, but they 
present many interesting peculiarities. 

FATTY MTROSO-DEKIVATIVES 

There are two main methods of preparing them: first, by the oxidation 
of amines, and secondly, by the reduction of nitro-compounds : — 

C-NH 2 C-N:0 : C-NO^ C-N:0. 

It was for a long time supposed that the nitroso-compound could only 
be obtained in these ways if there was no hydrogen attached to the same 
carbon as the NH 2 or NO 2 . V. Meyer, in fact, laid it down as a general rule 
that nitroso-compounds containing the groups -“CH 2 'NO or ~CH*NO could not 
exist, as they changed spontaneously into oximes ~CH:]S[OH or =C:NOH. We 
now know that there are some exceptions to this rule, which are of great 
interest. But it still holds good in the main. The majority of known 
nitroso-compounds are tertiary; these will therefore be dealt with first, and 
the exceptional cases of the secondary bodies later. 

1. Oxidation of amines. 

Bamberger has shown ^ that primary alky famines, in which the NHg is 
attached to a tertiary carbon atom, such as tertiary buty famine (CH 3 ) 3 C*NH 2 , 
when oxidized by Caro’s acid (sulphomono-peracid) are converted into nitroso- 
derivatives : — 

(CH3)3C-NH2 + 20 - {CH3)3C*N:0 + H 2 O. 

This nitroso-butane is the simplest nitroso-compound known, and it exhibits 
the characteristic properties of the group in a very marked degree. It forms 
colourless prisms, and is the most volatile solid known ; this volatility 
is a very general characteristic of the nitroso-compounds. If it is exposed 
to the air for a short time it disappears entirely. If it is heated in an open 
tube it vanishes, without melting or boiling, when the temperature reaches 76% 
and deposits in the cooler parts of the tube in the form of deep bliie drops, 
which soon turn into a colourless crystalline solid. If heated in a sealed 
tube it melts at 76° to a deep blue oil. This of course means that under 
atmospheric pressure its boiling-point is lower than its melting-point ; or, in 
other words, the vapour pressure of the solid becomes equal to one atmosphere 
at a temperature belo'w the melting-point : hence it evaporates without melting. 
But when it is heated in a closed tube, the pressure produced by its own 


^ Ber. 36 . 685 ( 1903 ). 


o 



123 


Fatty Nitroso-compounds 

vapour raises the hoiling-point without appreciably affecting the melting-point, 

till the boiling-point becomes higher than the melting-point, and the body 
melts. If an ethereal solution of'’ nitroso-butane is distilled, the whole of it 
comes over with the ether vapour. 

Mtroso-butane is easily soluble 4^1 organic solvents. The solutions are 
at first, like the solid, colourless ; but they change gradually on standing, and 
rapidly on warming, to a deep blue. If the molecular weight of the dissolved 
substance is determined by the freezing-point method in the colourless 
solution, it is found to be twice that required by the simple formula (CHojoC-NO. 
But as the colour grows the molecular weight diminishes, until, when the 
colour has reached its deepest, it is only half what it was to begin with, and 
now corresponds to the simple formula. This, again, is a general characteristic 
of compounds containing a nitroso-group attached to carbon. It has long 
been known that such bodies when solid are colourless, and when melted 
or dissolved are blue or green. It has recently been shown that the 
coloured form always has the simple molecular weight, while the colourless 
form is a double polymer. In the case of nitroso-butane (and in many 
other instances) the solution of the colourless (bimolecular) solid is itself 
at first colourless and bimolecular. But on warming, or more slowly 
even at the ordinary temperature, the colourless double molecules break 
up into the blue simple molecules of C 4 H 9 NO. (Compare nitrogen peroxide, 
where the coloured ISTOg associates to the colourless double polymer N 2 O 4 .) 
It is a remarkable fact that this dissociation of nitroso-butane is delayed by 
exposure to sunlight. The colourless solution turns blue more rapidly in the 
dark. This associating action of sunlight has been compared to the behaviour 
of many unstable compounds, especially aldehydes, which polymerize much 
more rapidly in the light than in the dark. 

By the same method Bamberger has obtained nitroso-isopropyl acetone 
by the oxidation of diacetone-amine, the product of the action of ammonia 
on acetone : — 

CH3\p/CH.vCO‘CH, _ CH.3\p/CH2.00.CH3 

CHg/^XNHa ' CH/^\N:0 

This resembles nitroso-butane in its general properties, though it is less 
volatile. Its solution in organic solvents is colourless at first, but soon turns 
blue. It is curious that this dissociation occurs much less readily in water. 
The aqueous solution remains colourless for weeks, though it at once turns 
blue on warming. It is also wbrth noticing that in the’ case of this substance 
the mononiolecular form is more stable than in nitroso-butane. Nitroso- 
isopropyl acetone — a colourless crystalline body, which must be the bimolecular 
form — melts at 75° io a blue (monomolecular) liquid, and if this is rapidly 
cooled it remains a blue liquid long enough for its properties to be examined, 
though it gradually changes into the colourless polymer. The white form 
is almost insoluble in cold organic solvents, and is not volatile. The blue 
unstable form is excessively soluble in organic solvents, and is volatile. 
Corresponding to this difference in volatility is the fact that whereas colourless 
solutions of this body have no smell, the blue solutions have a strong pene- 
trating smell. 
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Triphenyl-methylamine is not oxidized by Caro’s acid at all. 

This may be due to stereo-chemical causes, and is at any rate to be remembered 
among the many peculiarities of the triphenjl-methyl compounds. 

2. The second method of preparing fatty nitroso-compounds is by the 
reduction of the nitro-bodies. Those fg-tty hydrocarbons which contain a 
tertiary hydrogen atom readily give nitro-compounds on direct nitration, so that 
the tertiary nitroparaffins are comparatively easy to prepare. For example, 

di-isobutyl gives a nitro-compound of the formula (CH 3 ) 2 C<(^® 2 *C^H 2 *CH(GHo) 2 ^ 

and Piloty has shown ^ that if this is treated with aluminium amalgam it is 
reduced to the ^-hydroxyiamine derivative 

C.NO 2 C-NHOH, 

%vhich, when oxidized with potassium bichromate, yields the nitroso-compoimd 

This IS a colourless substance melting at 54° to 

a deep blue liquid, and resembling nitroso-butane in general properties, 

3. A singular method of preparing a di-nitroso-compound of the fatty series 
is by the electrolysis of the sodium salt of the oxime of malonic ester ^ : — 


2 (C02Et)2C=N0-Na 


(C02Et)2(JJ-N:0 
(C02Et)2C-N:0 ■ 


The sodium goes to the cathode, while the residues liberated at the anode 
combine in pairs, as in Kolbe’s electro-synthesis from the fatty acids. As the 
product is colourless, it is probable that the two nitroso-groups combine with 
one another. 

4. Nitroso-compounds are formed by the action of nitrous fumes on the 
acyl derivatives of the fatty esters, especially when the acyl is attached to 
a tertiary carbon atom.® The acyl group is expelled and the nitroso takes 
its place, e. g. CH3«C0-^H*C02Et OiN-CH-COgEt 

CH.-COgEt CH2-C02Et ’ 


5. Piloty^ has discovered a peculiar reaction of very general application, 
which gives rise to the halogen derivatives of the nitroso-compounds.® This 
consists in treating a ketoxime with bromine in the presence of pyridine. It is 
possible, though there is no evidence of this, that a hypobromite is formed 
as an intermediate product : — 


(CH3)2C=N0H +^Br 2 = HBr + (CH 3 ) 2 C=lirOBr (CH3)20<® ■ 

The action of the pyridine is not understood. The product, brom-nitroso- 
propane, is a mobile blue liquid boUing at 83°, which has a strong smell 
resembling at once bromine and acrolein. It seems to have no tendency 
to form the colourless double polymer. 

A lemarkable example of the tendency of the NO group to polymerize 
is furnished by Piloty ’s chlor-nitroso-derivatives of diketo-hexamethylene.® 
The dioxime of para-diketo-hexamethylene (obtained ifom sliccino-succinic ester) 


3 Q T TTlpiani, Eodano, O. 06, i. 449. 

5 ScWt, Widmann Ber. 42 . 497, 1886 (1900). 4 5 ,,, 3 ^^ 453 ^1398). 

C . Ponzio, 0. 06. 1. 1692. e 35 ^ 3402 (1902). 
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is converted by bromine and still more readily by chlorine into the corre- 
sponding di-halogen-dinitroso-derivative : — 


NOH 

Cl NO 

11 

C 


OR, 



CHa CH 3 

C 

C 

11 



Cl NO 


This body is a blue crystalline substance, very soluble in organic solvents, 
melting at 108°. It changes slowly in alcohol, more rai 3 idly in acetic acid 
containing hydrochloric acid, into a colourless crystalline substance of the 
same composition and the same molecular weight. This new isomer, when 
dissolved in methyl alcohol or acetone, gives a colourless solution which 
turns blue on heating, the colour disappearing again on coohng. The reactions 
of this isomer are in general similar to those of the original substance. 

A consideration of the sti’ucture of the original body will show at once 
what the cause of this isomerism must be. This substance is obviously 
capable of the same stereoisomerism as hexahydro-terephthalic acid. The 
four valencies of the para-carbon atoms lie in one plane, and so two dichlor- 
dinitroso-derivatives can exist, a cis-trans, in which the two nitroso-groups 
are on opposite sides of the plane of the ring, and a cis, in which they are 
both on the same side. On the ordinary convention we can represent them 
on a plane thus: — 

C1\/K:0 Cls,/N:0 

0 0 

oiW'^ci 

Cis-trans. Cis. 


the essential point being that in the cis-form the two NO groups are near 
to one another, while in the cis-trans they are far apart. The blue crystalline 
body which is the product of the original reaction is clearly the cis-trans. 

The two nitroso-groups are too far apart to combine with one another, and 
the body could only go into the colomless foim by the combination of two 
molecules. But as is shown in the case of brom-nitroso-propane, which is 
a blue solid, there is less tendency to polymerization in these haloid derivatives 
than in the simple nitroso-compounds. Hence no such polymerization occurs. 
But when the body is allowed to stand in solution, it changes into the more 
stable cis-form. This is the colourless isomer. In this the two nitroso- 
groups are on the same side of the ring, and are therefore capable of combining. 
We thus get the two blue nitroso-groups changing into the colourless N 2 O 2 
within the molecule : and this is why the colour in this case disappears without 
an increase of molecular 'vteight. That the product really has this formula 
is shown by the fact that its solution turns blue on heating. This cannot 
be due to the regeneration of the original cis-trans modification, because the 
blue colour immediately disappears on cooling, whereas the cis-trans only 
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changes slowly into the cis. It must be caused by a separation of the two 
NO groups in the eis-form itself: — 

Ols/N-0 Cl\/N:0 

Oil 0 ■ 

C1/^N:0 


There is an obvious analogy between this case, where in one stereoisomer 
the two groups interact, while in the other they do not, and that of fumaric 
and maleic acids, where the cis-form (maleic acid) alone forms an anhydride. 

The recently discovered secondary nitroso-compounds containing the group 

obtained in two ways. 

First, Piloty has shown ^ that acetaldosime, when treated with chlorine, 
undergoes the same change as a ketoxime, giving a chlor-nitroso-compound : — 


CH,.C 


/H 


+ Cl, 


HCl + 


/H 

CH,*C-N:0. 

\C1 


It is a colourless crystalline substance, which gives a colourless solution in 
liquid hydrocyanic acid at - 10°, in which it is bimolecular. It melts at 65° 
to a deep blue liquid, and its solutions in organic solvents at the ordinary 
temperature are blue and monomolecular. If these solutions are warmed, 
or if the substance is kept fused for some time, the colour disappears, and 
the body is converted into the isomeric chloro-aldoxime, or hydroxamic acid 
chloride : — 

CHvC^N:0 CH,-C<py^ • 

' \C1 

Other aldoximes, such as benzaldoxime, do not give any such nitroso- 
compound. When they are treated with chlorine a transient green or blue 
colour is produced, showing that a nitroso-compound is formed, but this 
immediately vanishes, with the formation of the chloro-oxime. It is clear 
that the normal action of chlorine on an aldoxime is: — 


^■^'^NOH 


/H 

EC-N:0 

\C1 




In general the second reaction is so rapid that the nitroso-compound cannot 
be obtained ; but in rthe particular case of acetaldoxime it is sufficiently slow 
to enable us to isolate the intermediate stage. 

The second method of preparing the secondary nitroso-compounds is by 
the action of nitrous fumes on unsaturated hydrocarbons. But this will be 
discussed later, ^ in dealing with the rather complicated series of bodies to 
which this reaction gives rise. 

The characteristic tendency of the nitroso-compounds to polymerization, 
with an accompanying loss of colour, a tendenc^f which also occurs, as has 
been remarked, with the same accompaniment in the case of nitrogen 
peroxide, is not possessed by all the nitroso-bodies in an equal degree. On 


^ Ber. 35 . 3101 (1902). 




! 
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the contrary, the relative stability of the mono- and bimolecular forms varies 
rery greatly in different cases. We can arrange these compounds in a series^ 
in the order of the increasing stability of the bimolecular form. In all cases 
the monomolecular form is characterized by being coloured and soluble in 
organic solvents, the bimolecular being colourless and much less soluble. 
At one end of the scale are certain cases, particularly of halogen derivatives, 
where the bimolecular form is so unstable that it cannot be obtained at 
all ; thus brom-nitroso-propane (the acetone derivative) is a blue oil ; and 
even the pinacoline derivative, /CH> 

(CH^j^C-C-Br % 

\N:0 

which is solid, does not polymerize, but forms blue crystals. In the commoner 
cases the solid substance is the colourless form (as nitroso-butane), but on 
melting it turns blue. 

The solutions are sometimes colourless below 0 ° (acetaldoxime compound), 
but blue at the ordinary temperature: in other cases they are colourless 
when freshly prepared, but turn blue on standing (nitroso-butane), while in 
cis-dichloro-dinitroso-hexamethylene the colourless form is so stable that the 
solution only goes blue on heating, and loses its colom* immediately on cooling. 

This brings us to a group of bodies, not hitherto mentioned, which were 
previously supposed to belong to a different class, but which obviously only 
continue the series of the nitroso-compounds. They are the so-called bis- 
nitrosyl-compounds. If benzyl-hydroxylamine, is oxidized ^ (which 

should produce a nitroso-compound), bis-nitrosyl-benzyl <p‘GJl2‘^2^2‘^^2'^ 
obtained. This is a colourless crystalline body which it is very difficult to 
break up at all, and hence it has been supposed that the ^^2^2 
must have some peculiar structure. It behaves, however, in other ways 
exactly like the colourless bimolecular nitroso-compounds ; and by prolonged 
boiling with acetic and hydrochloric acids it can be split up into two molecules, 
when it gives not the true nitroso-derivative, but benzald oxime. This, however, 
is to be expected. The vigorous action necessary to break up the firmly 
united NoOq group is sufficient to change the very unstable primary nitroso- 
compound <5f>-CH2*hrO so formed into the isomeric benzaldoxime. In this body, 
too, the N2O2 group is stable enough to give some evidence as to its structure. 

We have hitherto assumed without any evidence that this is q • 

behaviour of bis-nitrosyl-benzyl indicates that the two nitrogen atoms are 
linked together, which is really all that is known about this grouping. For 
if the body is treated with hydrochloric acid in chloroform solution, it is 
converted into a mixture of benzoyl hydrazine, <^-CO*NH*]S[H2, and benzoyl- 
benzal-hydrazine, ^-CO^NH-NrCH^. Hence the two nitrogens must be joined, 
and the body may be written 

^^>.CHo•N=N.CHo•0 
''ll "or " 11 II 

0-0 0 o 

An example of a still more firmly united group is afforded by 

^ Piioty, JBer, 35. 3090 (1902). ® Belirend, Koiiig, Ami, 263 . 212 (1891). 
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ii class of compounds prepared by Baeyer, by treating certain terpene deri- 
vatives with nitrous acid. Thus from caron is obtained bis-nitrosyl-caron, 
CioHxgO-lSroO^-CioHi^O. In this body th^^ nitrogens are so firmly linked 
together that they cannot be separated at all. If the compound is broken 
up, it does not split between the nitrogen atoms, but between the ^2^2 
group and the carbon, losing one caron residue and giving CioIIi50*N202*H. 

It follows from this gradation of properties that all the compounds dealt 
with belong to the same class, and that the stability of the 1^202 group 
increases by successive stages, though over a wide range. 


We may consider here a group of substances whose formulae, reactions, 
mid nomenclature are rather confusing ; the nitrosites, pseudo-nitrosites, 
nitrosates, and the lil?:e, bodies obtained for the most part by the addition 
of the higher oxides of nitrogen (especially the trioxide and peroxide) to 
compounds with a double carbon link.^ 

These nitrous vapours act as if they consisted of the trioxide, which adds 
itself on to the two doubly linked carbon atoms as NO + NO2. Of these two 
groups the first must join directly through nitrogen to the carbon ; the second 
may also do this, forming a nitro-group C~N02, or it may join through oxygen, 
forming a nitrous ester C-O-ISTO ; or this last may be the primary product, but 
may be oxidized further to a nitric ester C- 0 -N 02 . We thus get the following 
groupings : — 

NO NO2 NO O-NO NO2 O-NOa 

Pseudo-nitrosites. Nitrosites. Wallach’s Nitrosates. 


-f-r 

NO2 O NO 

Gabriehs ^Dinitriire’, sometimes also called nitrosates. 

The first two classes, being nitroso-compounds, may, and in fact generally do, 
occur in the bimolecular form, e, g. : — 



Which of these bodies is obtained depends on the nature of the unsaturated 
.compound employed. If the nitrous fumes act on a simple ethylene hydro- 
carbon,® or on a hydroaromatic compound, derivatives with the oxygen link 
(nitrous or nitric esters, nitrosites or nitrosates) are formed : e. g. with ethylene 
itself® the nitrosite (jlHo-CH2 

NO ONO* 


^ See especially Wieland, Ann, 328 . 154; 329 . 225 (190S); Wieland, Bloch, Ann, 340. 


63 (1905). 

2 Wieland, Ann, 328. 154. 


3 Schmidt, Ber, 35. 2823 (1902). 
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The phenyl-ethylenes, especially those with positive substituents, such as 
anethol (^-methosy-phenyl-ethylene), are able to attach both the nitrogen atoms 
to carbon directly, with the formati&n of pseudo-nitrosites, such as 

CHaO-CeH^-CH-CHpNOa 

” |a 

ch30-CoH,.ch-ch2.:n'o, 

With the accumnlation of negative groups (especially if the other doubly 
linked carbon is joined to carbonyl, as in benzal acetophenone, 0*CH=CH-CO*^), 
though it is probable that these pseudo-nitrosites are the primary product, 
they become unstable, and the bodies actually obtained are either the nitro- 
OH-E 

oximes, T I , or their decomposition products, or unsaturated nitro- 


compounds, 


NOH EO 2 


At the same time a certain quantity of nitro-nitroiis 


esters are formed, such as 


C EO m 


The main distinction in these various groupings depends on whether 
the nitrogen is attached to carbon directly, or through oxygen. In the latter 
case (nitrosites or nitrosates) the nitrogen so attached is always removed with 

the greatest ease. Thus the true nitrosites, like that of ethylene, ^^2 

have the -0*!N0 group removed even by the action of alcohol. The nitrosates 
or ^ Dinitrtire ’ split off the nitrous ester group even more easil}’, losing nitrous 
acid s|>ontaneously, and thus passing into unsaturated nitro-ketones. The 
result of this is that where these nitrosates are formed by the action of 
nitrous fumes, thei’e appears to be a direct nitration, the ketone being finally 
converted into a nitro-ketone, though in fact an addition product is first formed : — 

Ar-CH=CH.CO-E Ar-CH — CH-CO*E Ar.CH=C-CO*B 

i i + HNO.. 


+ 2 m, 


O-NO NOo 


This suggests that similar intermediate addition products are formed in 
other cases of nitration as well. 

The pseudo-nitrosites (also kno'svn as a-nitrosites) in which both nitrogen 
atoms ax’e united to carbon, are more interesting. They are ail bimoleeular, 
owing to the polymerization of the nitroso-group ; thus the styrol compound is : — 

They are colourless crystalline compounds, very easily decomposed. They 
give green solutions in hoi acetic acid, owing to the production of the mono- 

molecular form, e. g. 

NO 
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But oix cooiingy the solution loses its colour and deposits crystals of the 
bimolecular form. 

Their various decompositions all depend on two initial stages: — 

1. If they are boiled with alkali they first go into the monomoleeular 
form, and then this, like all secondary nitroso-compounds in presence of 
alkali, changes over into the oxime: — 

N:0 N-OH 


2. Under other conditions, especially in the presence of mineral acids, they 
split off the whole N 2 O 2 group as hyponitrous acid (i. e. as nitrous oxide and 
water), and give unsaturated nitro-compounds : — 


H 


Ar-CH-U-UOa 


H 

NgOo 

i H 


Ar-CH-C-NOa 

H 


2 Ar CH=CH-N02 

t 


+ N 2 O + H^O 


A remarkable reaction of the pseudo-nitrosites, which led to a misconception 
as to their structure, is their conversion into the so-called gly oxime peroxide. 

Ar-C-CE 

These ‘ peroxides ’ contain the group 11 11 , and as they are converted by 

N 2 O 2 

reduction with zinc and acetic acid into the dioximes of a-diketones, they were 
formerly thought to have the two nitrogen atoms joined by a peroxide link : — 


C- ~C C- 

11 II --->11 11 • 

N-O-O-N N-OH NOH 


Later work/ however, has shown that they contain a 5-ring: — 

C- 

II l>0. 

N-O-N 

Thus other reducing agents, such as tin and hydrochloric acid, convert them 
into furazane derivatives : — 

. — o- -c — c- 

II l>0-> II I • 

N-O-N N-O-N 

Wieland has proved that the production of these peroxides from the 
pseudo-nitrosites takes place through the nitro-oximes (reaction (1) above), which 
yield peroxides if they are first dissolved in alkali (giving the aci-nitro-salt), 
and then the solution is acidified. This explains the mechanism of the 

reaction:— Ar-C C-B Ar-C— UB 

NOH N:0 N-O-K/0 ‘ 

HO 

Wieland, Semper, Ann, 358 . 36 (1908.) 
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But it is obvious that the nitro-oxime can exist in two stereoisomeric forms, 
and of these it is the anti-aryl form which will give the peroxide. Now, according 
to Hantzsch’s investigations, the f)resence of positive substituents (such as 
methoxyl, CHg-O-) on the aryl will favour this form, while their absence, or the 
presence of negative substituents, makes the syn-aryl form, which cannot 
undergo this change, the more stable. The facts bear out this view. If the aryl 
group of the pseudo-nitrosite contains positive substituents, the peroxide is 
formed at once, and the nitro-oxime cannot be isolated, whereas if these are 
absent, the nitro-oxime can be isolated, and is often quite a stable substance. 

As has been pointed out, Wieland finds that the moi’e negative bodies will 
often give no pseudo-nitrosites at all, but only the nitro-oximes. This probably 
means that the pseudo-nitrosites, which we may assume to be the primary 
products even in these cases, have less tendency to polymerize, and therefore 
undergo the normal change of the monomolecular nitro-secondary nitroso- 
compoiinds into the nitro-oxime. 

AEOMATIC NITEOSO-COMPOUNDS 

These, lilce the fatty derivatives, may be made either by tho oxidation 
of amines or by the reduction of nitro-compoiinds. The simplest member 
of the group, nitrosobenzene, has long been known in solution. It was first 
prepared by Baeyer in 1874, by the action of nitrosyi bromide, NOBr, on 
mercury phenyl in benzene solution. But it was not isolated until nearly 
twenty years later. In 1893 Bamberger obtained it in the pure state by 
^mdous methods : by the oxidation of diazobenzene with potassium ferricyanide 
or with potassium permanganate in alkaline solution, or better, by oxidizing 
/3-phenyl hydroxylamine, 0NHOH, with cold chromic acid mixture. This 
last is the method generally employed for preparing the aromatic nitroso- 
compounds. The nitro-compound is reduced, commonly with zinc dust and 
in neutral solution ; this converts it first into the nitroso-compound and 
then into the /3-hydroxylamine : — 

Ar-NO^ Ar NO Ar-NHOH, 

but the nitroso-group is so rapidly reduced further that it is practically 
impossible to stop the reaction at this stage. It is therefore allowed to 
go on another stage, giving the hydroxylamine derivative, and this is then 
oxidized back to the nitroso-compound. The nitroso-deriyatives are so reactive 
that the experimental conditions, which differ somewhat in each case, must 
be very exactly observed. 

The reduction can be effected electrolytically. Thus, if nitrobenzene is 
electrolysed ^ in neutral solution under suitable conditions, a good yield of 
nitrosobenzene is obtained. No diaphragm is used, and it seems that at the 
cathode the nitrobenzene is reduced to /3-phenyl hydroxylamine, which is 
reoxidized at the anode to niti’csobenzene. Nitroso-eompounds are also formed 
when an aromatic amine is oxidized with hydrogen peroxide or Caro’s acid ; 
but it is almost impossible in this case to isolate them. 


^ Dieffenbach, C. 08. i 911. 
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Nitrosobenzene can also be obtained by acting with nitrosyl chloride on 
phenyl magnesium bromide,^ 0-MgBr + NOCl == + MgBrCl. 

The simplest and best known aromatrc nitroso-derivative, nitrosobenzene, 
(whose properties may be taken as typical of the whole class), forms 
large colourless crystals melting at 68°r to an emerald green liquid. It is 
remarkable for being extraordinarily volatile — even to some extent with ether 
vapour. If its solution is distilled with steam, the whole of the nitroso- 
benzene comes over in the first few minutes. The same colour phenomena 
are observed with these bodies as with their fatty analogues; and the same 
changes in molecular weight have been found to accompany them, the substance 
being bimolecular in colourless solutions (where these can be obtained) and 
monomolecular when coloured. The aromatic nitroso-compounds show a great 
stability of the monomolecular form, the solutions being usually dissociated at 
the ordinary temperature. But it is to be noticed ^ that if there are two methyl 
groups in the ortho position to the -N:0, as in nitrosomesitylene and nitroso- 


meta-xylene, 


1^:0 

CH3-Q-CH,, 

CH, 


ljr:0 

CH3-Q-CH3, 


the stereo-effect which they produce favours the stability of the bimolecular 
form : it promotes association. The solutions of these two bodies in organic 
solvents are of a very pale colour at the ordinary temperature, and contain 
mainly double molecules ; they do not darken on standing but only on 
warming, and gradually lose their colour again on cooling. 

The great reactivity of the nitroso-group indicates that it is under great 
strain ; and this is further shown by the fact that if nitrosobenzene is ignited 
in oxygen under a pressure of 25 atmospheres it explodes. 

Bamberger has examined the decomposition products formed under a variety 
of conditions in great detail : as an example of the scale on which he worked it 
may be mentioned that in a single set of experiments ^ on the action of alkali at 
100°, 1,380 gi*ams of nitrosobenzene were heated with alkali under pressure in 
19 champagne bottles, and 12 different decomposition products were isolated 
and identified. Only the more important reactions of this substance can be 
dealt with here. 

On reduction it yields fii*st /5-phenyl hydroxylamine and then aniline. 
When treated with hydrazobenzene, it oxidizes it quantitatively to azobenzene, 
being itself reduced to phenyl hydroxylamine : — 

0.IT:O + = ^ISTHOH + 0.N=]Sr.^6. 

On oxidation it is converted into nitrobenzene. With hydroxylamine it gives 
diazobenzene : — 

0-N:O + H 2 NOH - 0*]Sr=]SrOH + HgO, 
not, as originally stated by Bamberger, the anti, but the syn form.^ 

It combines with aniline to form azobenzene : — ^ 

(p^-EiO + + H^O. 


1 Ocldo, Qaz, 39. i. 659 (1909). 
® Ber, 33. 1939. 


2 Bamberger, Ber. 34 . 3877 (1901). 
^ Hantzscb, Ber. 38 . 2056 (1905), 
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and with phenyl hydrosylamine vei-y readily to give azoxyhenzene : — 

^6-N:0 + + HgO. 

It decomposes of itself in benzene solution if exposed to the light, giving mainly 
azoxyhenzene, but also a variety of other products.^ 

The aromatic nitroso-derivatives which also contain an amine-group (the 
two nitrogen atoms being, of course, joined to different carbon atoms and 
not to one another) ai*e obtained more easily by special methods. 

Those with primary amine-groups are got from the nitrosophenols or 
quinone oximes (a class of bodies which will be described later) by heating 
them with ammonium chloride and ammonium acetate, the phenol hydroxyl 
being replaced by Para-nitroso-aniline, which is 

obtained in this way from benzoquinone monoxime (p-nitrosophenol), 
0:N*O-0H NH., = + HoO, 

forms steel-blue needles. It gives salts with acids, which are yellow in 
solution, and also with potash. But if it is boiled with potash, the ]SrH 2 is 
split off as ammonia, and the nitrosophenol regenerated. 

The ^7-nitroso-derivatives of the secondary amines are got from the nitrosa- 
mines (in which the nitroso-groiip is attached to nitrogen) by the action 
of alcoholic hydrochloric acid, which causes the nitroso-group to migrate (in 
the normal manner) from the nitrogen to the para position on the ring: — 

H-0-N<S’ 0:N.O-N<i“*- 

They are green crystalline substances, more basic than the primary compounds, 
which dissolve in alkalies and are rexn’ecipitated by carbon dioxide. As 
secondary amines they react with nitrous acid to give the nitroso-nitrosamines, 

such as 0:N-0-N<|!^. 

The corresponding derivatives of the tertiary amines are the best known 
of all the nitroso-compounds. They are formed directly with great ease 
by the action of nitrous acid on the tertiary amines. They are of commercial 
importance for the production of certain dyes, such as methylene blue and 
the indophenois. 

Para-nitroso-dimethyl-aniline, 0:N»< ? forms large green crystals. 

The stability of the monomolecular form is shown by the fact that the 
green colour does not perceptibly diminish if the toluene solution is cooled 
to below ■“ 100° with liquid air. The hydrochloride is a yellow salt, and gives 
a deep yellow solution in water. On reduction it gives ^-amino- and on 
oxidation p-nitro-dimethyl-aniline. On boiling with aqueous alkalies the amino- 
group is split off as dimethylamine, and nitrosophenol is formed. 

A remarkable compound of this class is benznitrosolic acid,® 
corresponding to the nitrolic acids obtained by the action 


^ Bamberger, Ser, 35. 1606 (1002), 
1175 « 


K 


^ WIeland, Bauer, JBer. 30. 1480 (1006). 
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of potash on the benz-oxy-amidineSj which first give a red azo-compoundy and 
then break np to form the blue nitrosolic salt and an amidoxime : — 

jj fi 

„ . P,/NH0H _ . p/N=^=N\p ^ ^ p/N:0 . 

The total effect of these reactions is : — 

2 -NHOH = -NHg + ~-N:0 + 
which may be compared to: — 

2 9^>-CH:0 (p^CH^OU + (p^GO^OR. 

Benznitrosolic acid forms an unstable green solution. It gives a red 
silver salt. It is easily reduced to an amidoxime (-NrO — » -NHg), and 
oxidized to a nitrolic acid (-~N:0 — > -NOg). When treated with mineral 
acids it forms benzonitrile and nitrous acid, the reaction no doubt being : — 

0-C<noH + ^ 

When the silver salt is treated with iodine, a quantitative yield of diphenyl- 
gly oxime peroxide is x^rodueed ; this is no doubt due to the intermediate 
formation of the peroxide of the nitrosolic acid: — 

+ I. - ^ + 2AsI ^ + 2 TO. 




The simplest nitrosolic acid, methyl-nitrosolic acid, has recently 

been obtained by Wieland and Hess,^ by a method exactly analogous to that 
given above for the benzyl derivative : by the action of potash on form-oxy- 
amidoxime ; — 


2 H*C<; 


NHOH 

NOH 


PT ^ TT ^ TT p/hT-O H2N 


Its salts resemble those of the benzyl compound in colour, but they are 
more explosive. They are converted by the prolonged action of alkali into 
the salts of prussic and nitrous acids: — 


TT 


HCN + 0=N0H. 


The free acid is green in solution, but crystallizes in a yellow bimolecular 
form. It is very unstable, and decomposes into hyponitrous acid and fulminic 
acid : — 


2 


HON=NOH + 2 C=KOH, 


which is analogous to the change of methyl-nitrolic acid into fulminic and 
nitrous acids: — 


H-C<^q^ = HNO2 + C^NOH. 


As methyl-nitrosolic acid contains the secondary nitroso-group, 
should expect the hydrogen to migrate readily from the carbon to the nitroso- 


1 Ber. 42 . 4175 ( 1909 ;. 
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group, wliicli would give HON=C=NOH, the dioxime of carbon dioxide. This 
change cannot, however, be brought about at all, owing, probably, to the 
reluctance of the carbon atom to attach itself by two double links, which is 
shown also, for example, in the difficulty of forming hydrocarbons (allenes) 
of the type • 


qmmm oximes oe niteosophexols 

When hydroxylamine acts on a quinone, a monoxime is formed, such as 
0:< ^ > :XOH. These bodies are identical with the substances obtained by 
treating phenols with nitrous acid, and we should therefore expect them 
to be not oximes but nitrosophenols : — 

HOO-H -f HO XO - + H 2 O. 

This latter structure is also supported by the fact that they can be made 
by boiling the nitroso-tertiary aromatic amines mth alkali, which replaces 
the amine-group by hydroxyl: — 

(CH3)2N*0*N<^ + HoO == (CHjO^XH -f 

The behaviour of these bodies is obviously tautomeric, and it is by no 
means easy to determine their real structure. The quinone oxime formula 
is supported by their production from quinone and hydroxylamine, and also 
by their conversion by the further action of hydroxylamine into the quinone 
dioximes, as HOX=< HQH, Their formation from phenol and nitrous 
acid, and from nitroso-dimethyl-aniline, and (less certainly) their oxidation 
to nitrophenols, support the nitrosophenol structure. It is at least probable 
that their salts are derived from quinone oxime, for when the silver salt 
is treated with methyl iodide it gives an 0-ether,^ which must have the 
formula 0:< >:XQCH;o since it is also produced by the action of a-m ethyl 
hydroxylamine on quinone: — 

0:0:0 -f HoX-OCHo - OrO-^-OCHg 4- H^O. 

Moreover, the isomeric nitrosophenol ethers are also known,® being obtained 
by the oxidation of the aminophenol ethers with Caro’s acid : — 

We may therefore conclude that the salts are derived from the quinone 
formula. It is commonly assumed that the free compound is also quinoid, 
but this is much more open to dispute. The argument from the colour, which 
is usually of great value in such cases, is here complicated by the tendency 
of the nitroso-group to polymerize to colourless compounds. XitrosophenoP 
itself occurs in two crystalline forms, one colourless, the other brownish green. 
Its solutions in w^ater, alcohbl, and ether are green, and in ether it has been 

^ Bridge, Ann, 277. 79 (1893). ^ Baeyer, Ber. 35. 3034 (1902). 

® Sluiter, Bee, Trav, 25. 8 (C, 06. i. 756). 

k2 
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shown to be monomolecnlar. In benzene, chloroform, and carbon bisnlphide it 
is yellow ; in benzene its molecular weight is one and a half times that required 
by the simple formula. This behaviour (Is quite compatible with its being 
a nitroso-compound. There is also evidence that in forming the (probably 
quinoid) salts it undergoes an intramolecular change. It gives the ammonia 
reaction ^ which is characteristic of pseudo-acids, and the colour changes to 
yellow. This would seem to show that the free compound has a different 
structure from its salts, and hence is a nitrosophenol. 

A case has recently been discovered ^ of a qiiinone oxime which is capable 
of existing in two very definite modifications, which there is strong reason 
to believe correspond to the two tautomeric formulae. If the monoethyl 
ether of resorcin is treated with nitrous acid, a body is produced whose formula, 
regarded as a quinone oxime, can be shown to be 

0 

A=noh. 

C2H30-U 


It is a golden-yellow crystalline solid, melting at 146°. If it is recrystallized 
from anhydrous non-ionizing solvents like benzene, toluene, or carbon bisul- 
phide, it is converted into a green substance, strongly dichroic, and of a 
different crystalline form. The green form changes back into the yellow at 
130°, or on recrystallizing from a dissociating solvent such as alcohol. The 
change seems to be brought about by the solvent at once. Solutions in 
benzene are always green, those in dissociating solvents yellow. Both forms 
give the same sodium salt when treated with soda, and the alkaline solution 
when acidified always precipitates the yellow modification. It is highly 
probable that these two forms coiTespond to the two tautomeric formulae, 

OH 0 

I 11 

(^N:0 and .^VNOH ; 

C,H,0-U 


and, further, that the unstable green form is the nitrosophenol (since green 
is the characteristic colour of the aromatic nitroso-compounds) and the stable 
yellow form the quinone oxime. 

A somewhat similar case, but one which it is less easy to interpret, is that 
of nitroso-orcin.^ This body, if it is to be considered as a nitrosophenol, has 
the structure *' 


CH. 


t) 


-OH 


OH 


If its potassium salt is treated with acid below 0°, the free compound 
separates as yellow crystals, decomposing at 163°. If it is acidified when 
warm, red crystals are obtained, which change into the yellow form at 124’”! 25°. 
The chemical behaviour of the two forms is the same, but they are not 


^ Farmer, Hantzscb, Ber, 32 . 3101 (1899), 2 Hemich, C. 04 . ii. 1539. 

® Hantzsch, Sluiter, Ber. 39 . 162 (1906). 
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merely dimorphic, as tlie difference persists in solution (unlike nitroso- 
resorcin). The yellow form gives an orange-yellow solution in water, whose 
conductivity indicates a value of the dissociation constant K = 0*037. The 
red form gives a dark orange-red solution, of a higher conductivity, for which 
E = 0*051. If they are quite pure*the two solutions remain unchanged for 
several days, but if not, their conductivities approach the same value. The 
addition of alcohol — even as little as 10 per cent. — brings about equilibrium 
from either side at once. If the solutions are evaporated in vacuo at the 
ordinary temperature they both leave the same mixim^e of the two solid 
forms ; but if evaporated at 60-70° they both leave only the yellow form. 
The two forms give in all cases the same salt, even when treated with 

liquid ammonia at -70°. From the solution of the potassium salt acids 

precipitate at 0° the yellow form, at higher temperatures the red. The 
solution of the potassium salt at high dilution, when treated with an exact 
equivalent of hydrochloric acid, shows by its conductivity that it contains 
only the yellow form. 

These two forms are obviously tautomeric, the yellow being less acidic 
than the red j and they change over into one another in solution in the 
usual way, the only remarkable fact being the unusually powerful catai3d;ic 
influence of alcohol. But their stability relations are very difficult to 

explain. In the solid state the red form goes over into the yellow at 

124°, Hence we should infer that the yellow is the stable form at high 
temperatures. On evaporating the aqueous solution at ordinary temperatures 
the mixture of the two forms is obtained : at higher temperatures the yellow 
alone. This again seems to show (though it is quite probable that equilibrium 
is not maintained throughout the whole process) that the yellow is more 
stable when hot. On the other hand, if the salt is precipitated with acid 
the red form is got at high temperatures and the yellow at low, wliich is 
just the reverse of what one would expect. The only explanation which 
seems possible is this. The form which is precipitated on acidification is 
produced rapidly, and so is not necessarily the stable modification ; and it 
is conceivable that the potassium salt may also exist in two forms, and that 
the influence of temperature on their stability is the reverse of its influence 
on that of the free hydrogen compound ; so that the potassium salt corre- 
sponding to the red form predominates in the solution when it is hot, and 
is therefore precipitated from such a solution by aci^s. But this seems 
improbable. 

It is still less easy to assign formulae to the two modifications with any 
degree of probability. The body offers a great variety of tautomeric possi- 
bilities, since it has two imsymmetrically arranged hydroxyl groups, and 
since, further, besides the nitroso-oxime tautomerism, 

(HO-C * • • C-N:0 0=C • • • C=]S[OH), 

you may have the ordinary keto-enolic change (CH— C*OH — > 

Almost any of these formulae are equally compatible with the observed 
facts as to their tautomeric behaviour. It is worth noticing the suggestion 



138 Nitroso-compounds 

of Kelirmann * that both forms are monoketones (quinone oximes), but that 
the red is ortho-quinoid and the yellow para-quinoid : — 

NOH ' NOH 

Eed ^Il3-|Q=0 _ Yellow CH 3 -|Qj-OH_ 

6h 0 

We know that red and yellow are colours characteristic of the ortho- and 
para-quinones respectively, both in the simple benzoquinones and in many 
of their derivatives. 

^ Ber, 29 . 1417 ( 1899 ). 
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NITEO-COMPOUNDS 

The nitro-compouncls are those in which the hydrogen attached to carbon 
is replaced by the group The aromatic nitro-compounds differ greatly 

from the fatty, mainly because they are necessarily tertiary. Many of the 
more important reactions of the primary and secondary fatty nitro-compounds 
are those in which the hydrogen atoms attached to the same carbon as the 
nitro-group take part ; and these, of course, cannot occur with the aromatic 
derivatives. The two classes will therefore be dealt with separately. 

FATTY NITBO-COMPOUNDS OB NITBOPABAFFINS 

The fatty nitro-derivatives were not discovered till long after the aromatic 
derivatives had become well known. They were first prepared by V. Meyer 
in 1872, and shortly afterwards by Kolbe. 

The method of direct nitration, which is always used in the aromatic 
series, can only be employed with the paraffins in a limited number of eases. 
It is possible in several compounds which contain tertiary hydrogen (such as 
chloroform and isovaleric acid, {CH;J 20 H-CH 2 *CII 2 *C 00 H) to replace this tertiary 
hydrogen by BO 2 directly; and Bonowalow has shown that direct nitration 
is also possible in the case of the normal hydrocarbons from hexane upwards. 
But it is remarkable that, whereas the method universally employed for nitrating 
the aromatic hydrocarbons is to use concentrated nitric acid in the presence of 
concentrated or even fuming sulphuric acid and to work at a low temperature 
(generally below 0®), Konowalow found, by an exhaustive series of experiments, 
that the most favourable conditions for nitrating the higher paraffins are to use 
dilute nitric acid, and to heat to a rather high temperature (130-140°). Mtric 
acid, of course, acts on oi’ganic compounds in two w^ays : it may nitrate them, 
or it may oxidize them. Both of these reactions are promoted by using 
a concentrated acid and by raising the temperature ; aU;^ the extent to which 
these conditions can be employed in nitration is limited by the danger of 
oxidation. It would seem, therefore, that in the case of the aromatic hydro- 
carbons the influence of temperature on the nitration is less (or that of 
concentration is greater) than in that of the paraffins ; and hence with the 
former we can use a low temperature and a very concentrated acid, while 
with the latter a high temperature is essential, and so to prevent oxidation 
the acid must be diluted. 

In certain cases, however,^ it has been found possible to apply the aromatic 
method to the paraffins as well, and by using fuming nitric acid to introduce, 


^ Poni, 0 . 02. ii. 16. 
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for example, as many as three nitro-groups into isopentane, each group going 
to a different carbon atom ; and recently Konowalow ^ has shown that where 
the hydrocarbon contains tertiary hydrogen atoms these are most readily 
replaced when a dilute acid is used, whereas if a stronger acid is employed 
the primary and secondary nitro-derivatwes predominate. 

The introduction of negative groups into the paraffins facilitates the 
formation of nitro-compounds. Thus, Konowalow ^ finds that by his method 
of using a dilute acid and a high temperature the chlorine derivatives of the 
hydrocarbons (such as butane and pentane) are more easily nitrated than the 
hydrocarbons themselves. So, too, acetic ester ® can be directly nitrated at 30^ 
by pure nitric acid in presence of acetic anhydride. If the negative groups 
are sufficiently powerful to produce an ^ active methylene ’, as in malonic acid, 
nitration is still easier. Malonic ester ^ can be nitrated by concentrated nitric 
acid at the ordinary temperature, and its amide® even by somewhat diluted 
nitric acid without heating. 

The more usual method of preparing the nitroparaffins is to heat the alkyl 
halides with silver nitrite : — 


OH 3 I + AgN02 = Agl + CH 3 .KO 2 . 

In this reaction the isomeric nitrites are formed as well as the nitroparaffins, 
in quantities depending on the nature of the alkyl halide employed. With 
methyl iodide, practically only the nitro-compound is formed, and this is the 
main product with primary halides containing up to 3 carbon atoms. But 
secondary halides, and any halides containing more than 4 carbon atoms, 
give very small yields of the nitro-compounds; while tertiary halides give 
almost entirely the nitrite. Mercurous nitrite behaves in the same way.® 
Nitromethane may be prepared more easily by means of a reaction discovered 
by Kolbe. This consists in treating chloracetic acid with potassium nitrite. 
We may suppose that nitro-acetic acid is formed first, and that this at once 
splits off carbon dioxide to form nitromethane : — 


CHoCl 

COOH 


CH^-NOa 

COOH 


-> CO2 + CHs-NOg. 


A similar reaction is given ’ by the a-bromo-derivatives of propionic, butyric, 
and heptoic acids, which, when treated with potassium nitrite, give a 50 per 
cent, yield of the corresponding primary nitroparaffins. But if the cc-bromine 
atom is attached to a tertiary carbon, the secondary nitroparaffin is not produced, 
but only a small quantity of the pseudo-nitrol : — 

(CH 3 ) 2 CBr-COONa + 2 NaNOg = (CHa) 2 C<^ 2 ^ + Na^COs + NaBr. 

The nitroparaffins can be obtained from potassium nitrite still more easily 
by acting on its aqueous solution with ethyl hydrogen sulphate,® or better with 
the universal methylating agent, methyl sulphate.® In both cases a certain 


^ e. 06. ii. 813 2 04. i. 1478. 

® Bonveault, WaM, C. 04. ii. 640. ^ TJlpiani, C. 03. ii. 343. 

^ Eatz, Mon. 2S. 55 (C. 04. i. 1552). ® Buy , Neogi, Proc. C. S. 23. 246 (1907), 

Anger, ^oc. [3] 23. 333 (C. 00. i. 1263). 

' 1806. 1900. 


Walden, Pei\ 40. 3214 (1907). 
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quantity of tiie isomeric nitrite is fomied at the same time. These instances 
are worth noticing as being among the very fe'w in which potassium nitrite 

acts as if its formula was K*N<^q* its normal reactions corresponding to the 
structui'e K-O-ITO. ^ 

A singular method of nitrating compounds which, like malonic ester, 
contain an acidic methylene group, is to act on them with ethyl nitrate and 
sodium ethylate ; ^ for example, with benzyl cyanide : — 

+ Et-NOj + NaOEt = 4- 2EtOH. 

If the product is boiled with soda," it splits off the cyanide group as sodium 
carbonate and ammonia, and gives phenyl nitromethane, If this 

body, or the sodium salt of the original nitrile, is heated with soda to a high 
temperature, the nitro-group itself breaks off, and a good ^deld of stilbene 
is obtained. This reaction follows naturally from the formula for the salts 
of the nitroparaffins which will be established later: — 

^.C‘NO-ONa 

It is remarkable that if tetraiodoethylene is treated with nitric acid it is 
converted into nitro-triiodoethylene, Cl2=CII^02.^ 

The structure of the nitroparaffins is proved by their yielding primary 
amines on reduction. This shows that the nitrogen must be joined directly 
to carbon ; if it was joined through oxygen it would split off on reduction to 
give an alcohol and a reduction product of nitrous acid, as happens with 
the isomeric nitrous esters. 

The nitroparafEns are colouiiess liquids which are almost insoluble in water 
and distil unchanged. Their boiling-points are much higher than those of 
the isomeric nitrites, e.g. : — 

Nitromethane ... B.Pt. lOr Methyl nitrite. .. . -12" 

Nitroethane Ethyl nitrite 16® 

Thus, thej^ can easily be separated by distillation from the nitrites which are 
formed at the same time. Nitromethane is remarkable ^ for having a very high 
specific inductive capacity, but at the same time a very low ionizing power. 

On reduction the nitroparaffins yield fimt ^-hydroxylamines and then 
primary amines. ' 

All nitroparafiins which still have hydrogen attached to the same carbon 
as the NO2 are capable of dissolving in alkalies to form salts. Thus all simple 
primary and secondary nitroparafiins do so, but not the tertiary. Again, 
the primary compounds, such as nitroethane, CH3*CH2*N02, wdien their 
sodium salts are treated with bromine, give mono-bromo-derivatives, such as 
CH3-GHBr-N02. This body can also give a sodium salt, and when the salt is 

* 

X WisHcenus, Entires, Ber. 35. 1755 (1902); W. Wislicenus, W"aldiniiller, Bm\ 41, 8334 
(1908). 2 Wislicenns, V7ren, Ber, 38. 502 (1905). 

^ Biltz, Kedesdy, Ber, 33. 2100 (1900) ; Kef, Ann. 298. 346 (1897). 

^ Braner, Ber, 36. 3297 (1908). 
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treated with bromine another bromine atom is introduced, giving CHg^CBrg-NO^. 
This substance is no longer capable of forming a sodium salt, because no 
hydrogen remains attached to the carbon. These bromine compounds are 
proved to have the halogen atom joined to carbon by their reaction with zinc 
ethyl : for example : — -r 

CH3.CH.NO.> CH3.CH.NO. 

In the same way the mono-bromo-derivative of a secondary nitropai^affin, as 
/Br 

{CH3)2C\j^q “ , will not form salts with alkali. 

These facts were discovered by V. Meyer, and he explained them by the 
very natural assumption that the presence of the strongly negative nitro-group 
renders the hydrogen attached to the same carbon atom (the a-carbon atom) 
acidic; but that this influence does not extend to the hydrogen attached to 
other carbon atoms in the same molecule: so that if all the a-hydrogen is 
replaced, the pow^'er of forming salts disappears. Subsequent researches have 
shown, however, that this explanation is not correct. 

In the first place, Nef found that if the solution of the salt of a nitroparaffin 
is acidified, none of the nitroparaffin is regenerated, unless special precautions 
are observed. This in itself tends to show that the process does not consist 
merely in the replacement of the sodium by hydrogen ; for if it did, the 
reaction should go quite easily. Moreover, the study of the decompositions 
which occur throws considerable light on the structure of the salt. 

Before Nef ’s wmrk V. Meyer had discovered that if the salt of a nitroparafiin 
was heated with acids, it broke up into an acid and hydroxylamine ; — 

CHs-CHg-NO^ + HgO = CH3 -C<qjj + HgNOH. 


Nef finds that if the solution of the salt is added to dilute nitric acid at the 
ordinary temperature, no nitro-compound is regenerated ; but practically the 
■^vhole is split up into an aldehyde (or a ketone, if a secondary nitroparaffin 
is taken) and nitrous oxide. The formation of an aldehyde indicates that in 
the salt the nitrogen is joined to carbon by a double bond ; and Nef suggests 
the following explanation. He assumes that the salt is derived from a tautomeric 

form of the nitro-compound and has the structure CH3.OH=N<^0j^^ • When 

this is treated with acid the sodium is first replaced by hydrogen, and then 
the product undergoes what he calls intramolecular oxidation: — 

2 CH3-CH=N<^„ = 2 CHa-CHO + , 

\OH I^OH 


the hyponitrous acid breaking up at once into nitrous oxide and water. 

The next advance was due to Holleman, who found that the colourless 

..X. T X. O-CHg.NO^ . ^ 

m-nitrophenyl-mtromethane, i , gave a yellow sodium salt, and 

JNU2 

that when the solution of this salt was treated with an equivalent of 
hydrochloric acid, it at first remained yellow and had a higher conductivity 
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than that of the sodium chloride which it contained, indicating the presence 
of another electrolyte* But on standing the solution gradually lost its colour, 
and simultaneously the conductivity fell to that of the sodium chloride. This 
shows that the first effect of adding acid is to px'oduce a coloured acid substance, 
which in time goes over into the Colourless non-dissociated nitro-compound. 
Hence the salt must be derived not from the nitro-compound but from 
a tautomer. 

Finally, Hantzseh succeeded in the case of phenyl nitromethane, ^•CH2*H02, 
and of its para-brom-derivative in isolating both the tautomeric forms. Phenyl 
nitromethane dissolves in soda to form a salt. If carbon dioxide is passed 
into the solution a yellow oil separates out slowly ; but if the solution is 
treated with a mineral acid, a white crystalline precipitate forms at once. 
Both these substances have the composition of <^*CH2-N02 ; and Hantzseh 
has been able to show that the liquid precipitated by carbon dioxide is the 
true nitro-compound while the solid obtained with mineral acids 

is the tautomeric isonitro-derivative • In the case of jp-brom- 

phenyl-nitromethane both the isomers are solid. The true nitro-body, got 
as before by means of carbon dioxide, melts at 60°, while the isonitro- 
compound, produced with hydrochloric acid, melts at 89-90°. 

The arguments by which these formulae are established are as follows : — 

The solid form differs from the liquid in giving a reddish-brown colour 
with ferric chloride. This is a well-known test for hydroxyl, applied by 
W. Wislicenus in the case of the tautomeric formyl-phenyl-acetic estere. 

Again, the solid reacts with phenyl isocyanate, a recognized test for 
hydroxyl, while the liquid does not. The reaction is indeed abnormal; the 
isocyanate takes up water from the nitro-compound, and is converted into 
diphenyl urea: — 

^•NH 

2 0.]Sr=C=:O -f mo = '^CiO -f CO., ; 

but it is evident that a compound with hydroxyl attached to the nitrogen 
would lose water more easily than one without it. Further, the solid 
modification dissolves in alkali at once, while the liquid only does so on 
prolonged shaking. This is to be expected if the salt so produced is a direct 
derivative of the hydroxyl form (the solid), whereas the true nitro-compound 
(the liquid) cannot form a salt until it has undergone an Intramolecular change. 

Finally, the solid is a strong acid, “which the liquid is not. 

These facts show conclusively that the liquid is the true nitro-compound 

and the solid the hydroxylic isomer - 

Of the two, the liquid is the stable form, and the solid changes into it 
on standing, either in the pure state or in solution. The change can be 
followed by means of the ferric chloride reaction. In the pure state it is 
complete in a few days in the cold. In solution the velocity dejxends on 
the solvent. It is extraordinarily high in acetic acid ; in water it takes about 
an hour at the ordinary temperature and four hours at 0°. In other solvents 
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it is slower, the order being : Water (greatest), alcohol, ether, benzene, chloroform 
(least), the order of the dissociating power and the dielectric constant, as in 
the case of formyl-phenyl-acetic ester*. ^ is 

The nitroparaffins are tyj)ical instances of pseudo-acids. In fact it was 
in this connexion that Hantzsch developed the theory of pseudo-acidity. 
Pseudo-acids are a particular class of tautomeric substances distinguished by 
the fact that one form is much more acidic than the other. Hence a pseudo- 
acid exhibits all the characteristics of tautomeric substances. It changes 
reversibly into its isomer at the ordinary temperature, and is therefore capable 
of reacting according to both of the two isomeric formulae, being in fact in 
the liquid state a mixture of the two forms in equilibrium. 

Pseudo-acids are distinguished from other tautomers by the marked 
difference in acidity between the two forms, from which it follows that one 
is much more highly dissociated than the other. This enables us to apply 
special means of investigation, in particular the reaction with indicators (or 
any other test for hydrogen ion) and the conductivity methods. 

With the nitroparaffins, as with most pseudo-acids, the non-acidic form is 
the most stable in the free state. But this form is incapable of forming salts. 
Hence, if the free compound is treated with a base, the salt formed is derived 
from the other (acidic) modification: and when the solution of the salt is 
acidified it is the unstable acidic form which is first produced. 

To return to the behaviour of the nitropara£S.ns in general. As has been 
stated, Nef showed that a solution of their salts when treated with acid gave 
an aldehyde and nitrous oxide ; while V. Meyer found that, on heating with 
acid, a fatty acid and hydroxylamine were produced. This last reaction was 
explained by Bamberger,^ who showed that when the salt is treated with acid, 
not only an aldehyde is produced, but also a hydroxamic acid, by a simple ^ 
intramolecular rearrangement : — 

E*OH=N^qjj 

If the salt is heated with acid, as in Y. Meyer’s experiment, the hydroxamic 
acid breaks up further, like any other oxime, giving hydroxylamine and the 
fatty acid:— 

Bamberger also finds that in this formation of hydroxamic acid from the 
isonitro-salt and acid, a transient blue colour is produced, indicating the 
production of a nitroso-compound. This is probably a nitroso-alcohol, which 
then changes, in accordance with the general tendency of secondary nitroso- 
43©mpounds, into the hydroxamic acid: — 

.O yOTT 

E‘OH=N<^jj E-C^N:0 ’ 

With magnesium or zinc alkyl iodide, the nitroparaffins give secondary 
hydroxylamines ® : — 

E-CHa-NOg + MgAlkl - 

1 W. Wisliceixus, 291 . 178 (1896). ^ Ber, 35 . 45 (1902). ^ Bewad, Ber, 40 . 3066 (1907). 
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If niti'oetiiane is treated with mercuric chloride, a white salt, 

is formed, which is not explosive. On the other hand, nitromethane gives 
with mercuric chloride a yellow salt, Vhich explodes with the utmost violence. 
This remarkable difference in behaviour has been explained by ISTef. He 
analysed the explosive nitromethane salt, and found it to be free from hydrogen. 
Further investigation showed it to be mercury fulminate. If Tve accept Nefs 
formula for the fulminates, which is practically certain, the reaction is easily 
accounted for. The first product is the mercuric salt of nitromethane 5 but 
this loses water by a kind of intramolecular oxidation: — 

HoC=N.O*hg 

- ij ^ 

O 


- C: 


ihT.O.hg + 1^.0 (Hg 


iHg), 


and this is Nefs formula for the fulminate. The reaction is a strong confirma. 
tion of Nefs views. It is obvious that no similar change is possible with 
the nitroethane salt, 

Nitromethane condenses with benzaldehyde in presence of sodium ethylate. 
The primary product can be isolated, but it readily loses water to give 
w-nitrostyrol : — 

(t>-CILO + = ^-CH-CHo-NOa 

C)H 

This reaction is strictly analogous to the aldol condensation : — 

CH3.CHO 4 - CH3.CHO - CH.j-CH-CHs-CHO CHo-CH^CH-CHO. 

OH 


Among the substitution-products of the nitroparaflSns the a-nitro-Jcetones 
are of some theoretical importance." Having the nitro-grou]3 attached to 
the next carbon to the carbonyl they are analogous, in the enolic form, to 
the ortho-nitrophenols, as the grouping ~C{N02)=0*OH~ occurs in both. They 
are also analogous in behaviour, giving three series of salts, (1) colourless, 
(2) yellow, (8) red. This difference of colour is not caused by water of 
crystallization, and so must be due to a difference of structure. Now the 
group -“C 0 *CH*N 02 - can change tautomerically into an acid form in two 
different ways, giving either (1) C{0H)=C*N02, or (2)^C0*C=N0'0H. Both 
of these forms are colourless in their derivatives, as is shown for (2) by the 
colourless ester of dimethyl nitro-barbituric acid, which certainly has the 
group — NO'OAlk; and for (1) by the colourless nitrophenol esters, such as 

. Hence the colourless salts of the nitro-ketones must correspond 

to one or other of these two aci-forms. 

In the coloured salts some further change must have taken place, and 
in two ways, one for the* yellow and another for the red. This evidently 
implies the co-operation of the keto-group, as its presence is necessary to 


^ Holleroaa, Eec* Trai\ 23. 298 (C. 05, i. 8y). 


‘ Hantz«ch, jBer» 40. 1523 (1907) . 
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the colour; but exactly how this takes place is uncertain. It is possible 
that the two forms are stereoisomers : — 

* anti ^ , 

-C— N=0 
• ^OK 

or, more probably, they are structural isomers, one having one of the formulae 
given above, and the other some such structure as 

-C 0 


syn ^ ^OK, 
-C— 


0 

\ 


-C=N-OK 

The reactions of the nitroparafiBns with nitrous acid are both of practical 
and of theoretical impoi-tance. They are closely analogous to those of the 
amines. 

Primary nitro-compounds exchange the two hydrogen atoms for the oxime 
group, giving nitrolic acids: — 

This is analogous to the formation of diazo-eompounds from primary amines. 

Secondary nitro-compounds exchange the one hydrogen for NO, gi’rfno' 
nitroso-nitro-derivatives, or pseudo-nitrols : — 

-1- HO-NO CH3\p/N:0 „ ^ 

CH/^\NO, = CH?^<NO, + 

as secondary amines give nitrosamines. 

Tertiary nitro-compounds, like tertiary amines, having no mobile hydrogen 
do not react with nitrous acid at all. “ ' 

The behaviour of the Nitrolic Acids is in many respects remarkable 
Their structure is sufficiently established by the above method of formation 
and by the fact that they can be made by treating the di-brom-substitution- 
product of a primary nitroparaffin with hydroxylamine : 

CH..-C€5^2 + HaNOH _ „„ ^^NOH ^ 

But their salts show an isomerism not unlike that of the salts of the nitro- 
ketones. Hantzsch has shown,i for example, that ethyl nitrolic acid gives rise 
to three senes of salts,. It first produces very unstable colourless salts, which 

are probably the true nitrolates, as CH 3 .C<JJg|.. Their instability may 

weU be due to their having the metal attached to the very weakly acid 
oxime-group, and in close proximity to the strongly acidic NOg. They 
pass over with the greatest ease, into the second series, which are bright 
red, and are known as erytliro-salts : these are the usual product of the 
iction of alkahes on the nitrolic acids, if no special precautions are taken. 
They regenerate the nitrolic acid when treated 'with acids. On heating, 
ir on exposure to sunlight, these red salts change » further into a third 

^ Ber. 31. 2S54 (1898) ; Hantzsch, Kanasixski, Ber. 43. 889 (1909) ; Wieland, ib. 817. 
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series, wliicli like the first are colourless, and which were originally termed 
leuco-salts. It is, however, more in accordance with analogy-, as Hantzseh 
points out, to apply this term to the first series of (unstable) colourless salts, 
anti to call the third series, which obviously are not true nitrolates at all, 
isoiiitrolates. Those isonitrolates fo»m the most stable series. They eaiinor 
be converted back into the red salts, and when treated with mineral acids 
they do not regenerate the nitrolic acid, but lose nitrous acid and form 

a polymer of the nitrile-oxide same way on heating 

to 120" they break up Into potassium nitrite and methyl isocymud'^. CHn-X=C~0, 
a product of the rearrangement of the nitrile-oxide. On reduction they give 
aldehydes. They can be sho%vii to have the simple molecular weight. Hvnee 

the formula originally suggested by Hantzscb, exciiuled. 


as such a compound would be coloured owing to the nitroso-groui'>. 
most probable structure is 


7 > 0 . 


The 


Such a formula would account for their two chief decompositions : the compound 
would break up by itself along the dotted linej giving potassium nitrite and the 
nitrile-oxide ; while on reduction hydrogen would: add on to the double link, 
forming the imine CH3-CH==]SrH and then the aldehyde. The alternative formula, 

K0*N-~0 


suggested by Wieland differs little from this : but the stability of the compound 
seems to point rather to a 5 - than to a 4 -ring. 

The constitution of the red salts is uncertain ; but it is evident that both 
the nitro- and the oxime-group take paii in the salt formation ; and we may 

write them CH3 *G\^q^| K, on the analogy of the salts of the dinitroparafiins, 


The Fseudo-nltrolsj obtained by the action of nitrous acid on the secondary 
nitroparaffins, give the usual colour changes of the nitroso-compounds. If 
a solution of a secondary niti-oparafiin is treated with niirous acid, an intense 
blue colour is produced, but this soon disappears, while the colourless solid 
pseudo-nitrol separates out. If the solution is shaken with chloroform, the 
pseudo-nitrol is extracted by it, and the chloroform forms a deep blue layer 
at the bottom. This behaviour is strong evidence that the pseudo-nitrols 

contain the nitroso-gi'oup, and have the structure E2C\^0 . This structure 

has been disputed, but it has been established beyond doubt by Piloty.^ Piloty, 
as has been mentioned, obtained haloid nitroso-compounds by acting on the 
oximes with bromine ; g. from acetoxime he prepared brom-nitroso-propane, 


^ Bck 31. 452 (ISPS). 
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/IB IT 

(CH 3 ) 2 C\^q. TMs body cannot bave the isomeric formula (CH 3 ) 2 C=NOBrj 

because the corresponding cbloiine compound (CH.) 2 C=]SfOCl is known (from 
the oxime and bypochlorous acid), and is a colourless pleasant smelling liquid of 
bigb boiling-point ; whereas the brom-nitroso-compound is a bright blue liquid 
of penetrating smell and low boiling-point. The latter must therefore be a true 
nitroso-derivative. Now when it is treated with silver nitrite^ it is converted 
into isopropyl pseudo-nitrol, and this reaction can only take place in one way : — 


(CH3)2G<|J) + = (CH 3 ) 3 C<gg 2 + AgBr, 


SO that the structure of the pseudo-nitrols is no longer open to doubt. 

These bodies show the characteristic behaviour of nitroso-compounds in 
solution. At low temperatures the solution is colourless and the dissolved 
substance bimolecular ; at higher temperatures it turns blue, and the solute 
is now monomolecular. 


The behaviour of the three classes of nitroparaffins with nitrous acid has 
been made use of by V. Meyer to distinguish primary, secondary, and tertiary 
alcohols. The alcohol is converted into iodide by treatment with phosphorus 
and iodine, and the iodide distilled with silver nitrite. This gives a mixture 
of nitro-compound and nitrous ester; but the latter does not interfere with 
the reaction, and need not be removed. The product is shaken with a mixture 
of potassium nitrite and potash, and sulphuric acid slowly dropped in. If the 
original alcohol was primary, a red colour is produced (nitrolic salt), which 
disappears when the solution becomes acid, and comes back again if it is made 
alkaline. If it was secondary, a blue colour is formed, which disappears on 
standing, and on shaking with chloroform goes over into the latter. If it was 
tertiary, no colour appears at all. 

This test can be used with all alcohols not containing more than five carbon 
atoms in the molecule, and does not require more than 0*3~0*5 gr. iodide. 


POLY-NITEOPAEAFFINS 

Of these the most important are those in which the nitro-groups are all 
attached to the same carbon atom. They may be obtained : 

1. By oxidizing the pseudo-nitrols with chromic acid. 

2. By the action of potassium nitrite on the mono-brom-mono-nitro-com* 

pounds:— , g 

(CH3),c<no2 + 

It is to be noticed that in this case potassium nitrite acts as a nitro-compound, 
and not as a nitrite. 

3. By the action of concentrated nitric acid on ketones, which are thus 
broken up to form a dinitro-compound and an acid : — 

/H 

2 HNO 3 + CsH^-CO-OoH^ - C2H5-C--N02 ^ CH 3 .COOH -t H.O. 

\N02 

This reaction gives only the primary compounds. 


1 Ber. 35 . 3098 ( 1902 ). 
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Tlie introduction of a second nitro-group greatly increases the tendency 
of ilie body to go over into the aci-fomi ; and the primary diiiitro-componiicls 
are strong acids, existing in aqueous Bolxition largely in the aei-form 


E-C 


,/XO. 

'^XO“OH ^ 


from which the salts are deriveci 

Their behaviour on reduction is remarkable. They easily split off one nitrogen 
to give an oxime, which on further reduction is converted into an amine ^ — 

E.CH(XO,b E*CH:NOH E-CIL-NIE. 

Wiien iieated wdtli potash they give ammonia, potassium nitrite, and a fatty 
acid. It has been argued “ from this looseness of attachment of the nitro- 
gen, and especially from tlieir behaviour on reduction, that both the nitrogen 

atoms cannot be attached to carbon, and the formula E-CH^^^-q has been 

suggested for them. As against this we have to observe that in the aci-fonii 
of the mono-iiitro-compoiinds the nitrogen is easily split off (giving an ald€h5'de 
or ketone), as Eef showed, so that there is nothing surprising in the nitrogen 
being easily removed ivhen there are tw'o nitro-groups present. Moreover, 
now that the structure of the pseud o-nitrols is well established, their oxida- 
tion to diiiitro-compounds makes it practically certain^ that in the latter (at 
any rate in the secondary derivatives) both the nitrogen atoms are joined 
to carbon. 

The salts of the dinitroparaffins have recently been investigated by 
Hantzsch.^ As we have seen, the mono-nitroparaffins give colourless salts 

E*CH=N<^qI^I (M = any monovalent metal), which are never known to occur 

in more than one form. The primary dinitroparaffins E«0H(E02)2 also give 
colourless salts, which no doubt have the analogous structure 


E-C<^5n 

^N<0 


OM 


But these are very unstable, and can only be obtained under special conditions. 
The ordinary salts are different, and belong to two series, one yellow and the other 
red (like the salts of the nitro-ketones and the nitrophenols). Which of these is 
obtained depends on the temperature, solvent, metal and anion, and it is only in 
a few cases that both forms have been isolated. They attain equilibrium in aqueous 
solution at once, the yellow form predominating at low temperatures and the 
red at high. In some cases the yellow can he crystallized from cold propyl 
alcohol, and the red from hot. They are monomolecular in water, and the 
conductivity of the solution is not affected by the change of colour ; also the 
solid salts are anhydrous, so that the difference cannot be due to water of 
crystallization. Hence they must be isomeric. Dinitro-ethane is shown to be 
a pseudo-acid by the fact th§,t it takes time to neutralize a base, and that the 
neuirahzation is accompanied by a correspondingly slow change of colour. The 


^ Ponzio, 0. 02. i. 976. 
3 Scholl, a 02. ii. 937. 
1175 • 


L 


2 Ponzio, 0. 03. i. 865. 
* Bet. 4.0. 1533 fl907). 
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ordinaxy aci-form, , like the esters and salts of the mono^ 

nitro-compounds, even when negatively Sijibstituted, as in CH 3 *C<(Sl and 
yCN -iNu-OH 

^.Cc^^O.Qjf 7 would be colourless. Also the unstable colourless dinitro-salts 


obviously occupy this formula. It is clear that the change in structure is due 
to the tendency of the positive alkali metal to convert the anion of the salt 
into as negative a form as possible. How much is possible will depend on 
the nature of the compound : so that salts of different series will be obtained 
in different cases. As in the previous instances, the structure of the coloured 
salts is uncertain, but it is evident that both the nitro-groups must take part. 
Setting aside stereoisomerism, the following structures are possible : — 


0=N 0 


E-O W 


.0 


\0M 



E.C=:N*0M 



In the dinitro-compounds we have been considering, the two nitro-groups are 
symmetrically arranged with respect to the molecule. Where this is not the 
case, the nmnber of isomers is doubled. This is realized in the salts of 
nitrophenyl-nitromethane H02*C6H4*CH2-N02, where one nitro-group is on 
the nucleus, and the other on the side chain. In this compound, besides the 
colourless salt, which is unstable and no doubt has the normal iso-nitro formula 
N02*C6H4*CH=N0*0M, there are no less than four series of coloured salts. 
Of these one is yellow and another red ; from the similarity of colour to the 
salts of the dinitroparafiSns, these must have the metal connected to the 
nitro-group in the side chain. Besides these, it is possible to prepare, usually 
by heating the solid red salt, a series of violet salts, which go over into a green 
series. These will obviously have the metal more closely related to the 
aromatic nitro-group. In the case of the potassium and caesium salts of the 
para compound, all four isomeric salts have been prepared, and three of them 
are known in several other cases. The colour does not depend on the degree 
of hydration, as this varies quite irregularly in the various series. The question 
of the structure of the nucleus in such cases will be discussed later, in dealing 
with the nitrophenols ; but it may be noticed that the ortho and meta com- 
pounds have much less tendency to form these isomeric salts than the para, 
and the meta least. ^ 


Of the trinitroparaffins the only one of any importance is nitroform 
GH(H 02 ) 3 . It is obtained by a rather peculiar reaction from fulminuric acid, 
the isoamide of nitro-cyanacetic acid. If sodium fulminurate is treated with 
a mixture of concentrated nitric and sulphuric acids, it is converted into 
.trinitro-acetonitrile : — 


? /OH 

NC-0-C<gg 
N 0 » 


NO2 

NC-C— NO2, 
NO, 


and this can be made to take np water and form the ammonium salt of 
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trinitro-acetic acid, which however (like nitro-aeetie acid) is unstable, and 
imiuetliaielv loses carbon dioxide to give the araiuonium salt of nitroform : — 


ixo.-,i,=c ; 


-NO,. 

■C=N 


2 H. O 


{N 03 ),=C 


/NO., 

^CO-ONHi 


CO, ^ 




Xitrofomi is a colourless liquid, wliicli solidiiies below 15\ Its solutions 
ill non-ionizing* solvents are also colourless. On the other hand, its aqueous 
solution and that of its salts are yellow. Further, in aqueous solution nitro- 
form is a strong acid, almost wholly dissociated: wdiile on the addition of 
concentrated hyclroeliiorie acid (which must depress the dissociation) the 
colour becomes paler. This behaviour indicates that nitroform can exist in 
two taiitoiiierie modifications : one colourless and undissociated, the other 
yellow and dissociated. The first (pseudo-acid) form is, no doubt, the true 
iiitro-compouiid The coloured acidic form was originally assumed 

by Hantzscli to be the iso-nitro-compound (NOo) 2 C==I^^O*OH ; but we now 
know that bodies of this type are, or at any rate can be, colourless, and it 
is more in accordance with the recent -work on this class of compounds to 
suppose that in the coloured form a second nitro-group in some way takes 
part in the acidic structure. 

The mercuric salt of nitroform^ shows a very remarkable behaviour, to 
which there is scarcely any parallel. It is easily formed by dissolving 
mercux'ic oxide in nitroform, and is very soluble in many solvents, especially 
in ether, being even deliquescent in ether vapour. Unlike the other nitroform 
salts, which are yellow, the mercuric salt is colourless in the solid state, and 
so is its solution in ether, in benzene and its homologues, in ethyl acetate, 
ethyl oxalate, chloroform, carbon tetrachloride, and (still more remarkably) 
lactic acid. When dissolved in alcohols, fatty ketones, nitriles, chloracetic 
or acetic acids, it is pale yellow, while in water and in pyridine it is deep 
yellow. The depth of colour of equimolecular solutions (N/so) in water, 
methyl alcohol, and ethyl alcohol is in the ratio 240 : 8 : 3. In other 
words, the mercuric salt has, roughly speaking, the same colour as free 
nitroform in the same solvent, while the potassium salt (and the other salts) 
is always yellows Thus we have: — 

Hg salt. K salt. 

Pure substance Colourless Colourless • Yellow 

Ethereal solution Colourless Colourless (Insoluble) 

Aqueous solution Yellow Yellow Yellow 

The mercuric salt is not associated in ethereal solution, for it gives the 
normal value of the molecular weight. We can only explain its behaviour 
in the same way as that of nitroform itself, The solid salt and its solutions 
in non-dissociating solvents must, like nitroform, contain three true nitro- 
groups, and therefore have the mercuiy attached to carbon hg-C(N 02 ) 3 ; while 
the solution in ionizing solvents must have a tautomeric form, with the 
mercury attached in some -way to oxygen. The mercury must migrate from 


Ley, Kissel; Her. 32. 1365 (1899) ; Ley, Ber. 38. 978 (1905). 
l2 
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one position to the other, according to the solvent, just as the hydrogc 
does with a pseudo-acid, and hence mercuric nitroform should be calh 
a pseudo-salt. ^ 

There is evidence that even in aqueous solution the compound is ii< 
wholly in the form of an oxygen salt. In the first place, the colour of tl 
solution is paler than that of an equivalent (N/32) solution of the potassiu] 
salt, in the proportion 1 : 3-6. Further, experience with other acids whe] 
no tautomeric change is possible, shows that the mercury salt of an ad 
is dissociated to about the same extent as the free acid itself. Now ac 
nitroform (in aqueous solution) is about as stfong an acid as trichloraceti 
If therefore the mercuric salt in aqueous solution were present wholly % 
the 0-salt, its dissociation should be about equal to ^ that of mercury trichlor 
cetate. It is found, however, to be much less, especially at high concentration 
This confirms the view that the aqueous solution of the mercuric compouo 
contains a considerable percentage of the tautomeric undissociated form. 

If silver nitroform is treated with methyl iodide, it gives the colouiies 
stable trinitro-ethane CH3*C(N02)3. Besides this we should expect, in vie^ 
of the behaviour of other poly-nitroparaffins, that there would be at leas 
one and possibly two isomeric forms of the alkyl derivatives. There ; 
first the simple aci-form (N02)20==N0-0Alk, which should be colourless, an 
secondly the coloured chromo-form of uncertain structure, where the secon 
nitro-group comes into play. Hantzsch and CaldwelP have shown tha 
though no isomeric methyl nitroform can be isolated, there is reason t 
think that one is produced under certain circumstances. Silver nitrofori 
gives an addition-compound with methyl iodide at -70°, of the compositio: 
(N02)2C(N02Ag), 2 CH3L If this is allowed to warm to the ordinary tempen 
ture either alone or in contact with anhydrous solvents, it changes explosivel 
into trinitro-ethane ; but if it is in contact with solvents containing water, \ 
gives a quantitative yield of free nitroform. And yet, if silver nitroform j 
alkylated in water, alcohol, or ether, even at temperatures at which the additioi 
product gives only nitroform, it produces only traces of free nitroform, an 
an almost quantitative yield of trinitro-ethane. There seems to be only on 
possible explanation of these singular results. In solution (the last case) silvc 
nitroform reacts in the form of ions. These can add the methyl group eithe 
to the carbon or to the oxygen. As the body formed by the former reactio; 
(trinitro-ethane) is the more stable, it is the main product. But the soli 
addition-product reacts only in the undissociated form, by intramolecula 
change. The silver is attached to oxygen, and the methyl must therefor 
take its place on the oxygen. This gives the aci-ester, which is very unstable 
and hence if water is present it is at once hydrolysed (like the correspondin 
aci-esters of the nitrophenols) to give free nitroform. If water is absent, i 
undergoes a further intramolecular change to give trinitro-ethane. 

Hantzsch has recently drawn attention, in a short but extraordinaril; 
ingenious paper, ^ to the unexpectedly close analogf* between the correspondiu; 
derivatives of trinitro-methane and triphenyl-methane. Triphenyl-methanc 


i Ber. 39, 2472 (1906). 


2 39. 2478 (1906). 
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like triiiitro-metliane (iiitroforml. is easily pre|^ared: but it is impossible to 
eojBline tlie two tripbenyl-nietliyl groups into iiexspiieiiyl-ethane ; or 

if they can be so combined |for is of course hotly disputed), at any rate 
they are so loosely held together that they separate with veiy unusual ease. 
T<j combine two triiiltro-methyl grouf^s into hexanitro-etliane (NOaj-C*G(XCh)2 
is ^iuite The iodo-derivative of nitroform (XO.d;jC‘I Trill react 

readily with silver nitrite to give tetranitro-methane C| 5:0^4, but it will not 
react with silver nitroform to give hexanitro-etliane at all On the other hand, 
as tetraiiitro-methane is well known and quite stable, so is b'lnq L ruyl-n.^ i] ane. 

Again, the groups and (NOvjaC- are remarkably similar in their 

• lialocliromie \ that is, in tlieii* power of passing from a colourless undissociated 
form to a coloured salt : though the salt formation is less marked in the phenyl 
derivative, which is a weak base, and requires the presence of strong acids to 
bring about the change. The resemblance is shown in the following table: — 


Colourless. 

Pseudo-acid : GH(X02);; 
Pseudo-base : 

Pseudo-salt : hg-Cf.lSrO.js 

CbC<^3 


Coloured. 

True acid : + H‘ 

[True base : HO' 4- 
True salt: CtXO/;. 4- hg 

,. cr +‘^C(p: 


The last form may be supposed to occur in the coloured solution in sulphur 
dioxide, and in the coloured double chlorides. The question as to the structural 
change wliich is associated with the production of colour in the triplienyl- 
methane derivatives is very obscure, and cannot be discussed here: the most 
probable view with regard to the nitro-compounds (though this also is obscure) 
has already been mentioned. But the analogy between these two apparently 
remote groups of compounds is certainly worth noticing, 

Tetranitro-methane C(N02)4 is colourless and insoluble in water. It cannot 
form salts, as it has no hydrogen to be replaced ; it is much more stable than 
nitroform, and can be distilled unchanged. 


AEOMATIC EITEO-GOMPOUNBS 

The aromatic nitro-compounds cannot be prepared by the action of silver 
nitrite on the haloid derivatives, as the halogen is too firmly attached to the 
nucleus. On the other hand, the method of direct nitration can be employed 
in this case with great effect, and this is of enormous iinportance, since the 
nitro-group can be exchanged, by means of the diazo reaction, for almost any 
other group. 

This method was first used by Mitscherlich in 1834 j he prepared nitro- 
benzene by acting on benzene with fuming nitric acid. It was soon discovered 
that an equally good yield may foe obtained with much smaller quantities of 
nitric acid, if the nitration is carried out in presence of concentrated sulphuric 
acid, which takes up the water formed and causes the reaction to proceed to 
an end. The method which is now employed in the great majority of cases 
of nitration on the large scale, is to use the calculated quantity of nitric acid 
(an expensive substance from the technical point of view) mixed with excess 



154 


Nit7^o-co7npoiinds 

of concentrated or fuming sulphuric acid, and not to allow the temperature 
to rise above 0^. The reason for keeping the temperature low is that while 
this has comparatively little effect on the ^nitration, it enormously diminishes 
the oxidizing action of the nitric acid. The most striking example of this 
is that it is now found to be quite easy to nitrate aromatic aldehydes by 
working below 0°, without oxidizing the very sensitive aldehyde group to 
carboxyl. 

In the laboratory the rather violent sulphuric acid is sometimes replaced 
by acetic anhydride : or if a milder nitrating agent is required, the compound 
may be dissolved in acetic acid and nitric acid run in. (In this way acetaldehyde 
can be nitrated at ~ 15°) 

On the other hand, to make the poly-nitro-compounds, such as trinitro- 
benzene, a mixture of nitric and fuming sulphuric acids is used, and the reaction 
carried out at a high temperature. 

The introduction of two nitro-groups into the nucleus is easy; but the 
introduction of a third is in most cases a matter of some difficulty ; and in 
no case have more than three nitro-groups been put into the same nucleus. 

The dynamics of the direct nitration of aromatic compounds have been 
investigated by Martinsen.^ He used a solution of the aromatic compound and 
nitric acid in equivalent quantities (from half to tenth normal) in sulphuric 
acid. The progress of the reaction was measured by extracting the nitro- 
compound, or in some cases by determining the amount of free nitric acid 
remaining. He finds that the reaction is of the second order: that is, the 
velocity is proportional to the product of the concentrations of the nitric acid 
and the aromatic compour^d. Nitrous acid has no catalytic effect; but the 
strength of the sulphuric acid has a great influence on the velocity, which 
reaches a maximum for an acid of the composition H2SO4, 0-7 HgO, and falls 
off both towards the pure acid and towards the mono-hydrate. The amount 
of this influence varies with the nature of the substituent already present on 
the nucleus, being especially high in the case of the carboxylic and sulphonic 
acids. It is remarkable that where aqueous sulphuric acid is used, the addition 
of phosphorus pentoxide to this has no effect on the velocity. 

The influence of substituents on the velocity of nitration is in the 
following order: — 

NO2 > SO3H > CO2H > Cl < CH3 < O-CHa < O.C2H5 < OH, 

where chlorine is put in the middle, since its effect is always small, and 
sometimes positive and sometimes negative : of the others, those to the left 
have an increasing effect in making the velocity less, and those to the right 
in making it greater. It is to be noticed that those substituents which 
diminish the velocity orient the nitro-group in the meta position, those 
which increase it in the ortho and para. 

The immense increase in the facility of nitration produced by hydroxyl 
is indicated by the fact that phenol can be nitrated by dilute nitric acid in 
the cold. 

If a homologue of benzene is heated with dilute nitric acid to a high 
1 Z, n, Ch. 50 . 885 (1905) ; SO. 606 (1907). 



155 


A romtiiic 

femi^erature, tiie iiitro-groiip goes only into the side chain, toluene, for 
example, giving phenyl iiitrometliaiie, (The same thing occurs 

to some extent when it is nitrated in acetic acid soiutiond) These an.- the 
conditions which are found to he suitable for the direct nitration of the 
paraffins, • 

111 comparison with the direct m«-thods of preparing the aromatic nitro- 
compounds, the indirect are of scarcely any i>ractical importance. But one 
or two are of sufficient theoretical interest to be worth mentioning, xiniline 
maj’ be converted into nitrobenzene by oxidation, for example with sodium 
peroxide i>r potassium permanganate, and diazobenzene may lie converted 
into it by treatment with potassium nitrite and cuprous oxide. To carry out 
this last reaction, which is due to Sandmeyer, the aniline is dissolved in 
excess of acid and diazotizecl by the eciuivaleat quantity of potassium nitrite. 
As much more potassium nitrite is then added, and the solution of phenyl 
diazoiiiimi nitrite is poured on to moist freshly prepared cuprous oxide. An 
addition product of uncertain structure is produced, which breaks up into 
omproiis oxide, nitrogen, and niti-obenzene : — 

The niononitro-derivatives of the aromatic hydrocarbons are yellownsh or 
colourless liquids or solids, wdiich are nearly insoluble in "water, but are easily 
soluble in strong nitric acid, from which they are precipitated on dilution. 
They are volatile in steam, and generally boil without decomposition. The 
polynitro-derivatives, on the other hand, if they are heated under atmospheric 
pressure, usually explode with more or less violence. 

They often have strong and characteristic smells. That of nitrobenzene 
is scarcely to be distinguished from that of benzaldehyde ; jo-nitro-toiuene 
has a smell resembling that of prussic acid ; and trinitro-tertiary-butyl-toluene, 

CH3 

Y''C(ch,)3’ 

NO2 

has an especially powerful odour, and is used in commerce as a scent, under 
the name of artificial musk. 

The structure of these compounds, as true nitro-compounds with the 
nitrogen attached to carbon, is shown by the fact that they cannot be saponified 
as nitrites can (or only in particular cases and with difficulty), and that on 
reduction they are ultimately converted into primary amines. 

The reduction of nifro-conipomtds, which has been examined in great 
detail, is by no means a simple process. A variety of products is obtained, 
according to the conditions of the reaction. 

Speaking generally, the reduction proceeds in three ways, according as the 
solution is alkaline, neutral, or acid. In all cases the ultimate product, if 
the reducing agent is strong enough, is aniline. (For simplicity, the body 


^ Konowalow, Gurewitscb, 0. 05. ii. 818. 
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reduced is assumed to be nitrobenzene: the presence of substituents does 
not seriously affect tbe results.) 

If it is reduced in alkaline solution (with stannous oxide, alcoholic potash, &c.) 
the main products are those formed by the condensation of two molecules of 
nitrobenzene : — 

\oy 

Azoxy- Azo- Hydrazo-benzene 

The earlier stages of the reduction proceed with great ease ; it is sufficient 
to boil nitrobenzene with alkali in order to convert it into azoxybenzene ; 
but for the further reduction of this a stronger reducing agent must be used. 
Where alcoholic potash or sodium methylate is used as the reducing agent, its 
action depends on the temperature employed.^ At low temperatures the 
alcohol is oxidized to aldehyde, giving up two atoms of hydrogen. At higher 
temperatures sodium formate is produced : this implies that the alcohol takes 
up oxygen, but does not give off hydrogen: — 

CH 3 OH + 20- H.OOOH + H 2 O. 

Hence at high temperatures the hydrogenized compounds, such as the hydrazo 
and the amine, are not produced, but only those compounds which are formed 
from the nitro by loss of oxygen alone, such as the azoxy and the azo. 

Eeduction in neutral solution leads, as has already been mentioned, to 
the /3-hydroxylamine. It can be carried out by means of zinc dust or aluminium 
amalgam and water, and is promoted (for some reason not yet understood) 
by the presence of neutral salts, such as calcium or ammonium chloride. An 
unusual reducing agent which has been used for this purpose is red phosphorus 
and water.^ 

Eeduction in acid solution leads normally to the formation of aniline; 
but under special conditions, particularly on electrolytic reduction, amino^ 
phenol is produced. 

These are the main products of the reduction of aromatic nitro-compoimdsr 
It is obvious that such peculiar results call for some explanation ; and in 
particular the formation of the bodies with two benzene nuclei — the azo- 
group — in alkaline solution, and practically only in alkaline solution, is most 
remarkable if it were not so familiar, and is clearly due to the interaction of 
the earlier reduction -products. The whole question has been investigated 
in great detail by Haber for the special case of electrolytic reduction, which 
is of great technical and also theoretical interest : and the conclusions which 
he has established there are applicable in the main to the chemical methods 
of reduction as well. The electrolytic method is peculiarly suitable for 
investigation. It can be carried on both in acid and in alkaline solution, and 
by varying the size of the electrodes and the current strength the reducing 
power can be altered to any required extent. 

The electrolytic reduction of nitro-compounds is always a secondary process ; 

0 that is to say, the nitro-compounds are not theniselves electrolytes, and the 
reduction is entirely carried on by means of the hydrogen set free at the 


' Kotarski, 0. OS. ii. 893. 
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eatlicKle. We may eonfcicler that tlie electrolysis is a means of preparing 
eii the surface of the cathode a solution of hydrogen, the concentration of 
wiiieli can be varied, as it depends on and is measured by the difference 
of potential between the cathode and the solntiun. It is only limited by the 
fact that at a certain concentration 4he hydrogen is given off at the cathode 
in bubbles; but even this limit can be altered by changing the materia! of 
the cathode. 

We are thus able, by using the electrolytic method, to obtain the same 
variation of results as would be produced chemically by reducing agents of 
greater or less strength, and this without the complications which are 
necessarily introduced in the chemical method by changing the nature of 
the substances present : while the strength of the reducing solution of hydrogen 
can be determined from the cathode potential. 

This last relation between the reducing power and tiie cathode potential 
is discussed in Haber's original paper ^ ; the main results which he arrives 
at with respect to the reactions by which the various reduction-products are 
formed, and the order of their formation, are as follows. 

The first established product of the reduction of an aromatic nitro-compoimd, 
whether in alkaline or in acid solution, is the iiitroso-compound : — 

0-XO. ^ 0.XO. 


There is, however, some reason to think that in certain cases there may 
be a stage intermediate between these two. Meisenheimer - has shown that 
para (and less easily ortho) dinitro-bodies can be made by careful reduction 
in alkaline solution to yield red (the ortlio blue-violet) salts of the type 
KO»OjN;=< )— HQ*QK, which, when treated with acid, go over into the nitro- 
nitroso-derivative : — 


GeH 


/HO.OH 


r TT 


Their quinoid structure is supported by their colour, as ortho quinones are 
always darker than para. Meta-diiiitro-compounds do not give derivatives of 
this kind. This initial stage is no doubt limited to those nitro-compounds 
which can easily go over into the quinoid form ; but in such cases it seems 
probable that we begin with the three stages: — 

-NO2 -> =HO-OH -HO. 


But in general it may be assumed that the first reduction-product is under 
all circumstances the nitroso-compound. This, however, is much more rapidly 
reduced than the nitro-body, as is shown by the fact that a much lower cathode 
potential is sufficient for this purpose ; so that it can never attain more than 
a very low concentration in the liquid. It has not been found possible to 
isolate it, but the fact of its formation has been established by the following 
experiment. If nitrobenzene Is electrolysed in acid solution in the presence 
of hydroxylamine and a-naphthylamine, the well-known azo-dye foenzene-azo- 
a-naphthylamine is produced. This dye is the result of coupling diazobenzene 


1 .2?. Pk. CA. 32. 198 (1900). 

® JBer. 36. 4174 (1908) ; Maiseniieimer, Patzig, Ber, 39. 2526 (1906), 



158 


Nitro-compoimds 

with a-naphthylamine, and it is clear that the diazobenzene must be formed 
by the action of the hydroxylamine on nitrosobenzene : — 

<f>-m + HgNOH = + HgO, 

+ C10H7NH2 = + H^O. 

The nitrosobenzene, however, has only a transient existence, and is rapidly 
converted into the second reduction-product, ^-phenyl-hydroxylamine, 

This, as has been shown, is a very reactive substance. In presence of acids 
it is converted into j^^-aminophenol, which consequently is a product of 
electrolytic reduction in acid but not in alkaline solution. 

A reaction similar to this production of aminophenol takes place on 
reduction with a metal such as tin and hydrochloric acid,^ when nitrobenzene 
gives a certain amount of ortho and para chlor-aniline : the hydroxylamine 
is no doubt converted by the hydrochloric acid into the chloramine, which 
then undergoes the usual change: — 

C6H5.N<gH -> CaH3.N<g CeH,<ci®2. 

The yield of these bodies is increased by using a small quantity of the metal, 
which hinders the further reduction of the hydroxylamine, and by working 
at the boiling-point in presence of excess of hydrochloric acid, which promotes 
the intramolecular change. 

The phenyl-hydroxylamine is also capable of other reactions. It condenses 
with the nitrosobenzene, the first reduction-product, to form azoxybenzene : — 

= <&-N— N-c6 + H,0. 

\o/ 

This reaction is of great importance, as it is almost the only source of all 
the ^ bimolecular ’ reduction-products of the nitro-compounds, the azoxy-, azo-, 
and hydrazo-compounds, and hence the amounts of these bodies which are 
formed xmder any given circumstances of reduction — electrolytic or chemical — 
will depend on the velocity with which this reaction takes place. It is found 
that it proceeds very slowly in acid and much more rapidly in alkaKne 
solution, and this explains why it is mainly in alkaline solution that the azo- 
group of compounds are obtained. The reason of this difference appears to 
be ^ that it is only the /3-phenyl-hydroxylamine itself, ^-ISTHOH, which is able 
to undergo this condensation, and not its salts, 0*NHOH*HX. Hence excess 
of acid delays the reaction by forming the salt ; while it is found that the 
presence of negative substituents on the nucleus promotes it by increasing 
the hydrolysis. 

The amount of azoxy-compound formed will obviously depend also on 
the concentration of the nitrosobenzene in the solution ; and it is therefore 
dnmnished by working with a high current density, which reduces the nitroso- 
benzene to phenyl-hydroxylamine more rapidly, and consequently keeps its 
concentration down. 


^ Blanksma, JRec, Trav. 25. 365 (0. OV. i. 463). 
® Fliirscheim, Simon, J, C, 8, X0O8. 1463. 
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There is another reaction, also occurring only in alkaline solution* wliieh 
leads to the procluetion of tlie azo-groap of compounds : and tills is the 
conversion of the plieiiyl-liydroxylamine in presence of alkali into aniline 
and azoxy beiize iie : — 

3 ^.XHOH - -r 9-XH. ~ 2 H..O. 

Tills affords another reason for the predominance of these derivatives in 
alkaline reduction. 

Finally, the plieiiyldiydroxylainine is also reduced electrolytieally to aniline ; 
and in acid solution^ where the coupling to azoxy benzene only occurs to a small 
extent, this is the chief source of the aniline which is the main product of the 

reduction. 

But the list of reactions is not yet exhausted. We have seen how there 
are formed iiitrosobenzene, phenyl-hydroxylamine, and azoxybenzene : as well 
as aminophenol and anilinej 'which do not react any fuiiher, and may therefore 

be set aside. 

The azoxybenzene is further reduced by the electrolysis, not, as we might 
expect, to azobenzene, but directly to hydrazobenzene, which, however, never 
reaches more than a low concentration, as it undergoes in alkaline solution 
two, and in acid solution three, further changes. In acid solution, and there 
only, it is converted into semidine and benzidine : — 

The semidine is to some extent oxidized by the iiitrosobenzene to phenyl- 
quinone-diimide ^ : — 

and this polymerizes to the dye emeraldine, of nneeiiain constitution, which 
has actually been obtained by electrolytic reduction in xveakly acid solution 
under certain conditions. 

The second change undergone by the hydrazobenzene, both in acid and 
in alkaline solution, is its reduction to aniline. 

The third change, which occurs in alkaline and to a small extent in acid 
solution, is that it is oxidized by the unreduced nitrobenzene to azobenzene. 
This is the source of the azobenzene which is formed in quantity in presence 
of alkali, and in traces in presence of acid : — 

2 ^-XOg + S = 8 H 2 O + + S 

\o/ 

These reactions are summarized in the following scheme. The vertical arrows 
indicate direct reduction by the electrolytic hydrogen, the oblique arrows 
chemical reactions. Those which occur only in acid solution are indicated by a 
thick line, those which occur chiefly in acid or alkaline solution are respectively 
distinguished by thick lines and dots. 


^ Kover, Ber. 40. 288 (1907). 
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Emeraldine 


The important points to notice are these. The general scheme of the 
reduction is the same whether the solution is acid or alkaline ; but the relative 
quantities of the various products are very different in the two cases. The 
chief difference arises through the behaviour of the phenyl-hydroxylamine. 
In acid solution it is rapidly reduced to aniline and very slowly condensed 
with nitrosobenzene to azoxybenzene. In alkaline solution it is only slowly 
reduced to aniline, while it is rapidly condensed to azoxybenzene (the starting- 
point of practically all the N2 compounds) and is also converted into the same 
azoxybenzene (together with some aniline) by the direct action of the alkali, 
a reaction which does not occur in acid solution at all. 

These facts explain the general results of the chemical reduction of nitro- 
benzene in acid alkaline and neutral solution respectively. They show why 
the main product in acid solution is aniline, and in alkaline solution one or 
other of the azo-group of bodies : while if phenyl-hydroxylamine is to he 
obtained, the solution must be neutral, because an acid converts it into amino- 
phenol, and an alkali promotes its condensation with nitrosobenzene to 
azoxybenzene and its change by spontaneous oxidation and reduction into 
azoxybenzene and aniline.^ 

The dynamics of the chemical reduction of nitro-compounds has been the 
subjects of a series of investigations by Goldschmidt and his pupils.^ The 
method used in all cases was to determine by titration from time to time 
the fall in the concentration of the reducing agent. Goldschmidt showed 
that in every case the reduction whose velocity is measured is that of the 
nitro to nitroso, the reduction of the latter to the hydroxylamine being 
infinitely rapid, and that of the hydroxylamine to the amine being always 
much quicker than the first stage, and sometimes too quick to be measured 

all. 

^ For a fuller account of these phenomena see Moller, MleJctfOchemiscJiB Reduhtion derNitrdkdrper 
(Halle, 1903), and Haber’s paper quoted above, together with his other papers in the ZeitscJ^r,/ 
Mehtfochemie^ especially 1897-8, p. 506. 

2 G-oldschmidt, Ingebrechtsen, Z. FA. OA. 48 . 435 (1905); Goldschmidt, Sunde, ib. 56. 1; 
Goldschmidt, Eckardt, ib. 56 . 386 (1906). 
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In tlie ca&e of reduction by stannous lialide in the presence of I he haloid 
acid, lie finds that with a constant concentration of the acid fsay hydroelilork 
acicFl the reaction is of the second order, the rate of reduction being }>ropoiiional 
to the product of the concentrations of the nitro-compoimd and the stannous 
salt. If the concentration of the acid is altered, the velocity constant changes 
practically in the same proportion. It follows that the real reducing agent is 
not the stannous chloride, but the complex, 8nCl3H, or its ion, SnCL. It is 
probably the ion, since, if the hydrochloric acid is partly replaced by an 
efiUiYalent of sodium chloride, the velocity is unchanged, which indicates that 
it is not the hydrogen ion which is impoidant, but the chlorine ion. 

If tile stannous chloride and hydrochloric acid are replaced by stannous 
brtJmide and Ly^lrobruirdc acid, the velocity constants for practically all the 
nitroconipouiids examined become about eight times as large. 

As reg.ards the influence of the substituents in the nitrobenzene, it was 
found tliat if they are of a reactive character (such as COOH, NHo), the velocity 
of reduction Is greatest in the ortho compounds, and about the same in the 
iiieta and para. But a methyl group always diminishes the velocity, and to 
about the same extent whatever its position. This is remarkable, because 
the usual effect of a methyl group is to increase the reactivity of an organic 
compound, as in the velocity of diazotization and of nitration. p-Nitrophenol 
shows a peculiar behaviour, being reduced with great slowness by stannous 
halides, as it is by hydrogen sulphide. This is the more strange, as 
p-nitrosophenol (quinone oxime) is reduced instantaneously. The nitm- 
amines (as the nitranilines) occupy a peculiar position. Being weak bases, 
they ai’e present in the acid solution partly as such, partly as the ions of 
their salts. It is found that the velocity of their reduction increases abnor- 
mally fast with increasing concentration of the acid. As the greater concentra- 
tion of the acid increases the amount present in the ionic form (by diminishing 
the hydrolysis), it follows that the ion is reduced more rapidly than the free 
base. This view is confirmed by the fact that in these cases, and in these 
alone, the addition of sodium chloride, though it hastens the reduction, does 
not do so to the same extent as an equivalent quantity of hydrochloric 
acid. For though the chlorine ion increases the amount of the active 
I’edueing agent SnCl3, the salt foimation from the nitraniline is not increased 
by it, as it is by the hydrogen ion of the hydrochloric acid. The abnormal 
effect of hydrochloric acid was not observed in tbe case of the nitrophenols 
and the nitro-benzoic acids ; from which Goldschmidt concludes that for these 
bodies the ion and the undissociated molecule have the same reduction velocities. 
But it is very doubtful whether this conclusion is justified. Such weak acids 
could hardly be expected to be dissociated to any appreciable extent in tbe 
presence of excess of hydrochloric acid. 

In the case of reduction by an alkaline stannous solution Goldschmidt 
showed that such solutions contain the compound Sn02H]Sra, and that the 
active agent is its ion SnOgH'* Allowing for this, the reaction is again 
bimolecular, as required hy the equation: — 

E-NO -f SnO^H'. 


E-NOs 4* SnOoH' - 
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The further stages of the reduction proceed, as in acid solution, with much 

greater velocity. 

OXIDATION OS’ AMINES 

This question has been postponed tc this point because it is most easilv 
understood m connexion with the reduction of the nitro-compounds. It bZ 
been worked out by Bamberpr in a large number of cases in very great detail • 
We may confine our attention to the primary amines, and disregard the less 
important oxidation products. The oxidising agents used wem commol 
Caros acid or hydrogen peroxide ; in some cases also potassium permanganate 
and other substances. The precise agent employed has little effect on the 
prXct? influences the proportion of the various 

As h^^ already been mentioned, when a tertiaiy amine is oxidized it is 
converted mto an amine-oxide, such as ^-NMe^rO. Bamberger assumes that 
the same reaction occurs with a primary or secondary amine, but that in these 
cases, as^ there is also a hydrogen atom attached to the nitrogen, this bodv 
changes into the isomeric ^-hydroxy lamine : — ^ 


E.N<| 


/H 
EN-H 
'^0 


EN<^^ 


At any rate the first oxidation-produet which can be detected, both with fattv 
and with aromatic amines, is the hydroxylamine derivative.^ The nature of 
the further oxidation-products depends on whether the carbon attached to the 
nitrogen is primary, secondary, or tertiary. If it is tertiary, as with tertiary 

monobutylamine or anilme, the next stage is the formation of the niW 
compound : — ^i^oso 

C\ „ C\ 

The same thing may happen when the carbon is primary or secondary: 
but If so, the mtroso-compound cannot be isolated, going over at once into 
an aldoxime or ketoxime : — 

^-CHg-NIIg — » ^-CHa-NHOH — >■ ^-CHa-NiO — ♦ 0CH:NOH 
(CH3),CH.NH, (CH3)3CH.NH0H (CH3)3CH.N:0 (CH3)30:N0H. 

If the oxijtion is carried further, the ketoxime is converted into an isonitro- 
compound, which then changes into the normal nitro-compound 

(CH3)2C:N0H (CH3)20:N<2jj (CH3)2CH-N02. 

32. 342, 16?5; 33. 17S1-, 34. 2S62-, 35. 708 714 4293 4099- 
SS. 685, 701, 710, 817, 3827, 3831 (1903); J. ^r. Ch. [2] 68. 473 480 /iLl tL 
important references are italimed. ’ ^ 

. secondary amine, such as diphenylamine, it has been shown that 

a staU earlier oxidation product is formed, the tetra-aiyl-hydrake, 

2(^2NH ^2isr.]sr^2, 

r* K broken up to give derivatives of the di-aryl-hydroxylamine Wieland 

Gambarjan, Ber. 39. 1499 (1906). wieiana, 
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If the aW oxime Ifroin an amine with priiiiary carbon) is farther oxidized, it 
is partly conYerted in the same way into an isonifcro-. and so into a nitro- 
compoiinti : bat some of it is converted into the hydroxamie acid. 

The following schemes indicate the succession of reactions, the bodies not 
actually isolated being put in brackets? 

Oxidation of a primary amine with primar}” carbon, such as benzylamine 
or etliylamiiie : — 




■"^.CHyXHy 
O . 


^.CHyNIIOH f CH,.X:0 






Oxidation of an amine with secondaiy carbon, as isopropylamine : — 

(CH3).,CH-IsH.. -> riCH..)..CH-NH.,-] (CH3)„CH-NHOH (CH.,).,CH.N:0 

L O J 

-> (CH.,)oC:NOH -> {(GH3),C:N00H) (CH.I.OH-NO,. 

Oxidation of an amine with tertiary carbon, as tertiarj" butylamine: — 
(CH,),C-NI-L J-(GH3)3C.NH,J (CH3)30-NHOH 

^ (CH3)3C.N:0 (CH3)3C.XOo. 

The velocity of oxidation of amines by alkaline permanganate solution has 
been investigated by Vorlander/ though only in a qualitative way. He finds 
that a tertiary amine reacts more rapidly than a secondary, and a secondaiy 
than a primary ; and as regards the character of the radical attached to the 
nitrogen, a primary carbon atom gives the iiighest velocity, and a tertiary 
the lowest. 

In the case of the aromatic amines, where the carbon is necessarily tertiary, 
the same series of oxidation products is obtained as with tertiary butylamine : — 

-NHOH -s. ^NO -NOg. 

But ill this ease a further series of reactions take place, which are impossible 
with the fatty compounds, the formation of aminophenols and of the bodies 
of the azo-group. These are in many respects the same as in the reduction 
of the aromatic nitro-compounds, the same original substances being present. 
The aminophenol is also oxidized to quinone, and the semidine (p-amino- 
diphenylamine), which is formed both from the hydrazobenzene and also by 
the action of the phenyl-hydroxylamine on the aniline ® : — 

is oxidized to phenyl-quinone diimide, which is further converted ^ by a series 


^ Ann, 345. 251 (1906). ^ Ber. 31. 1522 (1898). 

^ Kover, Ber, 40. 288 (1907). Cf. also Ostrogoricb, Silbermann, C. 07, i, 1194. 
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of complicated reactions into emeraldine, aniline black, and other dves. The 
full scheme is as follows: — 







/Indophenin 
■j Mauveine 
(induline, &c. 


‘ Emeraldine 


Aniline black, &c. 


To return from this digression to the reactions of the aromatic nitro- 
compounds. 

The nitro-groups may be exchanged indirectly for almost any others by 
reducing them to NH 2 and diazotizing. But a direct exchange is difficult, 
especially in the case of the simple mono-nitro-derivatives. If there are 
several nitro-groups present it can be effected more easily. Thus ortho and 
para, but not meta, dinitrobenzene can have the NOg replaced by OH (with 
the formation of potassium nitrite) on boiling with potash ; by ethoxyl (OOgHg} 
on treatment with alcoholic potash ; and by HHg or NH0 with ammonia 
or aniline. This is only one of the many instances which show that the 
effect of one substituent on another is much greater in the ortho or para than 
in the meta position. There are other similar cases among the haloid nitro- 
compounds, If more than two nitro-groups are present, these exchanges 
can occur even when they are in the meta position, as in symmetrical 
trinitrobenzene. 

The presence of nitro-groups also exerts a great influence on the behaviour 
of other substituents in the molecule. For example, the hydrogens attached 
to the nucleus are more easily oxidized. Nitrobenzene, when heated with 
solid potash, is converted into nitrophenol, while poly-nitro-compounds can 
be oxidized to phenols with potassium ferricyanide. In the same way the 
link between chlorine and the nucleus is very much weakened in the haloid 
nitro-derivatives. 

The poly-nitro-derivatives of the aromatic hydrocarbons show in some 
respects a peculiar behaviour. They have the power, which is shared by 
some of their substitution-products, such as picric acid, of combining to form 
crystalline addition-products with aromatic hydrocarbons like benzene, 
naphthalene, and anthracene (but generally not with the homologues of these 
fiydrocarbons). Thus symmetrical trinitrobenzene gives a compound with 
benzene of the composition C6H3(N02)3‘C6H6 . These are, however, unstable 
compounds, which readily give up the hydrocarbon again. 

More stable addition-compounds are formed with amines^ in particular 


^ Hepp, Ann, 2X5. 344 (1882 ) ; Eeverdin, Crepieux, 33. 2507 (1900) ; Sudborotigli, J. 0, S, 



XifroNiv Aviils 


165 


l*y symmetrical triiiitrol»eiizerie. Tlie&e are coloured 1>odies, which euu 
a'eiienilly be recrystallizeci uiieliaiiged, and in some cases the amiiio-group can 
t-veii be acetjiated without breaking up the compound. Xo satisfactory 
formula lias been proposed for these compounds, but they are probrdily 
analogous to the alkaline derivative^ described below. 

The beliaviuiir of the iiitro-compounds with alkalies is very remarkable. 
3IoiiO-iiitro-dertvatives, such as nitrobenzene, are nut atfected by alkalies in 
the cold. It is true that ordinary commercial nitrobenzene, if dissolved 
in alcohol ant! treated witli a drop of potash solution, gives a red colour, 
ihil this is due to the presence of dinitrotliiophene, 

IIC-~C*XO. 

XO.-C CII ^ 

which is foriiieil frtun the thiophene in the original benzene. Pure nitrobenzene 
gives no such colour.' 

But the di- and tri-nitro-derivatives, even when pure, give colours with, 
alkali. Thus i’-trinitrobenzene gives a red colour tvith alkali, and trinitro- 
mesityleiie dissolves in potash, forming a red solution. These phenomena point 
clearly to the formation of salts; and Y. Meyer' supposed that the presence 
of the iiitru-group rendei*ed the hydrogen attached to the nucleus acidic, and 
that in the red compound produced by treatment ivitli potash this hydrogen 
was replaced by potassium. 

Lobry de Bruyn'* has, however, shown that this explanation cannot be 
ca^rrect, since metallic potassium does not react with trinitrobenzene. He also 
succeeded in isolating one of these compounds. If a solution of trinitrobenzene 
in methyl alcohol is treated with a molecular proportion of potash in concentrated 
aqueous solution, red crystals separate out, whose composition is expressed by the 
formula [CcH.j(N 0 ^).CH 30 K]o-H 20 . They are explosive, and on treatment 
with acids regenerate trinitrobenzene. 

The subject has been further investigated by Hantzsch,"^ who has isolated 
several of these compounds and has discussed their constitution. Since they 
are formed by direct addition, and not by replacement of the hydrogen, he 
first assumed that the addition must take place to the nitro-group alone, in 
this way: — 

{NOo)AH-N <2 -> (N02)2C6H3-N-0H, -/oh, -/oEt- 

^ \OH \OKa \ONa 

Subsequently, however, it was urged by Meisenhehner® that though this 
structure will explain many of the reactions of the compounds it wholly fails 

1901. 522; Hibbert, Siidborougb, ib. 1903. 1334; Hudborougb, Picton, ib. 1906. 583; XoeUing, 
Sommerboff, Ber. 39. 76 (1906) ; Kremaim, Mon, 25. 1215 ; C, 05. i. 161, 162. 

^ This reaction can be employed to test benzene for its tMopbene, its most common impurity. 
A few c.c. of benzene are warmed in a test tube with a mixture of nitric and sulphuric acids, and 
the product is poured into water and washed. It is then dissolved in alcohol and a drop of 
concentrated potash solution added. If the benzene was free from thiophene, the liquid remains 
colourless; if not, it turns red. 

2 Ber, 2'7. 3153 (1894). 

^ Hantzsch, Kissel, Ber. 32, 3137 (1899), 

1175 , 




» Mec, Trav. 14, 89 (1895). 
5 Aim. 323. 219 (1902). 
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to account for their colour. He therefore suggested that the alkoxy-group was 
attached not to the nitrogen but to the para carbon atom of the benzene 


e. g. H^/OCHg 

NO2-|0|-NO2 

0=N-OK 


This point he was able to establish in an ingenious way. If we combine 
on the one hand trinitroanisol with potassium ethylate, and on the other 
trinitrophenetol with potassium methylate, the products on Hantzsch’s theory 
will be different, having the formulae 



OC 2 HS 

N02-j^N02 

0 

0 

®-^\0C2H5 

Q— 


On Meisenheiiner’s view the alkoxy-group attaches itself to one of the three 
carbons which are in the para position to nitro-groups : i. e, either to one of 
the OH groups or to the C-OCHg. If it should happen to be the latter, then 
the structure of the product will be the same in both cases, namely 


CH3OX/OC.H. 


NO. 


nOf 

. 1 ! 


rNO, 


0=:N-0K 


Experiment showed that the products of the two reactions were in fact identical, 
so that it is certain that the alkoxy-group is attached to the para carbon and 
not to the nitrogen. 

In a more recent paper Hantzsch ^ has pointed out that while these results 
are conclusive as far as they go, Meisenheimer’s formula still fails to account 
for the colour, since we know that both quinols and iso-nitro-salts are colourless. 
It is evident that the colour depends in some way on the co-operation of 
a second nitro-group, and therefore the formulae must be written (on the 
analogy of the other coloured nitro-derivatives) 


H\/00H3 
— NOo 


K. 


Hantzsch has isolated several of these bodies, and also prepared derivatives 
of them. The mother substance of the whole group is a body of the structure 

H\/OH 

- 


for which we may retain Hantzsch’s name of nitronic acid. 

Among the aromatic compounds the formation of derivatives of the nitronic 
acids does not occur with the mono-nitro bodies, and only with some of the 


^ Hantzsch, Picton, ^er. 42* 2119 (1909). 
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di-iiitrci : it is most marked witli tlie symmetrical tri-nitro-rierivatives, ihe 
Stablest compoimtis being those obtained from symmetrical trinitrotoluene, 

XO, 

In this case both the ester salt and the free ester acid can be isolated and are 
comparatively stable substances. 

CH.Ov J) 

The ester salt |CH..|fXO^t^“'Cj;H^— X*OK is got by treating the iiitro-eoni- 
pouiid with potassium methylate in methyl alcohol solution. It forms dark 
violet crystals which explode viuleiitly on heating. Measurements of electrical 
eondiietivity show that it is considerably hydrolysed in water. If its solution 
ill dilute methvl alcohol is treated with an equivalent of hydrochloric acid 

CH.Ox 

at -o'*, the free ester acid (CH 3 )(X 0 J 2 -"C^I-L=X- 0 H is obtained as a dark red 
precipitate, also explosive, which is very slightly soluble in water, ether, and 
benzene, but more so in acetic acid. A determination of its molecular weight 
by the freezing-point of its acetic acid solution gave results agreeing with 
the formula. Its electrical conductivity shows it to be a weak acid. It is 
remarkable that it is not acted on by phosphorus pentachloride, but with 
acetyl chloride it gives the corresponding acetate. 

Hantzsch was unable to isolate either the free nitronic acids or their salts ; 
but he obtained evidence of the existence of both classes of compounds in 
solution. 

The conductivity of a solution of s-trinitrobenzene in soda is found to be 
rather less than that of the original soda solution (e. g. p,= 113*5 instead of 125). 
This shows that a small amount of combination has taken place, as indeed 
is evident from the red colour of the solution. When the solution is treated 
with acids the colour remains, and the conductivity is foimd to be seven units 
higher than that of the sodium chloride which the solution contains, so that 
it is evident that there is present in the solution a small quantity of the 
free nitronic acid, /OH 

blNoJ 

The nitronic salts can be isolated in the case of 5-trinitrohenzoic acid, 

COOH 

XOsQ-XOg, 

XO. 

a body whose behaviour is interesting in several ways. It is colourless, and 
if its dilute (X/yg) solution is treated with one equivalent of soda, a colourless 
solution of the ordinary benzoate is obtained. The further addition of soda 
produces a deep red coloration, showing that a nitronic salt is formed. If 
a whole second equivalent of soda is added, the conductivity of the solution 
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is found to be 220; whereas the sum of the conductivities for ISf/gg solutions 
of the simple sodium salt and sodium hydrate is 282. This indicates that the 
second molecule of soda has largely though not wholly combined ; or in other 
words, that the nitronic salt is formed, but is to a considerable extent hydro- 
lysed, That the solution does contain a *di-sodium salt is shown by its giving 
precipitates with the solutions of the salts of the heavy metals, such as lead 
and silver. If the acid is neutralized with baryta instead of soda, the very 
slightly soluble barium salt 


baO-CO 


\/ 


Oba 

-NOJ 


is formed as a dark reddish brown precipitate, which is highly explosive. 

Trinitrobenzene can also form an addition-compound with potassium 
cyanide, which is precipitated on mixing the concentrated solutions of its 
components. It is a violet crystalline mass, which is very explosive. It 
must have the formula 

NC\ ^0 


With mineral acids it gives the insoluble free acid. It is remarkable that this 
will not react either with phosphorus pentachloride or with acetyl chloride. 

The formation of similar addition-products is perhaps indicated by the peculiar 
behaviour of certain nitro-bodies in formic acid solution.^ If the molecular 
weight is determined cryoscopically in this solvent, it is found that whereas 
the nitroparaffins, and those nitro-aryis (like trinitromesitylene) which have 
no unreplaced hydrogen attached to the nucleus, give normal values, other 
nitro-aryis give abnormally low values, indicating dissociation: and the more 
so the larger the number of negative groups (NO 2 , Cl, Br, &c.) they contain. 
Somewhat similar results are obtained in methyl cyanide solution. Now it 
is scarcely possible that the nitro-aryis can dissociate (for example in the 
aci-form) when the nitroparaffins do not ; but it is conceivable that they may 
form dissociating compounds with the solvent. 

A remarkable reaction occurring in this group is that of o-nitrotoluene 
when heated with potash solution ; the methyl is oxidized by the NO 2 , with 
the formation of anthranilic acid (o-amino-benzoic acid): — 




KOH 


= 0: 


rNH^ 

COOK 




H2O. 


The haloid derivatives of the nitro-compounds afford a good example ot 
the influence of nitro-groups on other substituents in the nucleus. They 
may be made either by nitrating the haloid compounds, which gives the 
ortho and para, or by chlorinating or brominating the nitro-compounds, which 
gives the meta derivatives, in accordance with Crum Brown’s rule. If the 
halogen is in the ortho or para position, it is so loosely attached that it may 
be exchanged for hydroxyl by boiling with alkali, or for NII 2 or NH^ by 
heating with ammonia or aniline. The meta haloid derivatives do not show 


^ Bruni, Berti, AUi B. [5] 9 . i. 273, 393 j Bruni, Sala, Gass, 34 . ii. 479 (,0» 00 . i. 1258; 
ii. 532 ; 05 . i. 673) ; Ciusa, 0. 09 . ii. 1051. 
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tiiisi iiioldlity. Tills iliffereiiee between the meta derivatives and the others 
of eMiirse €^111211021 to many other classes of coxiipounds as well. Xo 
■satisfactory explanation of it has been offered : but Lapworth - has sugg» ^ted 
that ihe rt-aetivity may be cine to tlie intermediate formation of a ^.-ompoiind 
with a ring; aiicl its failure in the meta serif^s to the well-hnowii 

rdflieiilty of Valuation of meta f|iuiioid compounds. 

If the haloid derivative contains two or more nitro-groups the halogen 
will react with siHliuni inaloiiic or sodium aeeioacetic ester. There is, however, 

: ’>iie remarkable exception to this reactivity in diiiitro-chloro-pseudociimono, 

ClI, 

xo.. U-CH? 

I 

ei-i., 

wliieii will not react oven with ammonia or aniline. 

The extreme <‘aso of the infiiieiice of nitro-groups in increasing the mobility 
of the halogens is shown in picryl cliloride (.:>’-trinitro-clilorodjeiizene). 

Cl 

XO,Q~XO„ 

XO. 

which exchanges its chlorine for hydroxyl on treatment with w’ater, behavingj 
in fact, as an acid chloride. 

XITEOPHEXOLS 

Phenol can be nitrated, as it can be brominated, mth extraordinary ease. 
To introduce one nitro-group it is enough to act on it with dilute nitric acid in 
the cold. If several nitro-groups are to be put in, a stronger acid must be 
used ; and it is then found better to dissolve the phenol in concentrated 
sulphuric acid, which converts it into phenol sulphonie acid, and to treat 
this solution with nitric acid. In this way the violence of the reaction is 
modified, and the nitration facilitated ; the sulphonie acid group is split off 
again in the process. 

The products of the direct nitration of phenol are (1) ortho and para- 
nitroplienol, (2) 0 - 0 - and o-p-dinitrophenol, (8) picric acid (.s-trinitrophenol). 
The substituents take up the same positions as in aniline. 

The nitrophenols may also be obtained by various indirect methods, for 
example by diazotizing the nitranilines and boiling with water. The nitro- 
phenols may be prepared on the large scale by treating the hydrocarbons with 
nitric acid in the presence of mercury. Under these circumstances the acid 
oxidizes the hydrogen to hydroxyl, being partially reduced to nitrous acid.” ^ 
They are colourless or yellow crystalline substances, whose salts are deep 
yellow or red. They are much more acidic than the phenols, and they 
decompose alkaline carbonates. 

The nitrophenols have recently been the subject of a very important 
^ Pi'fiC, 0, S. 14. 159 (1898). ^ Wolffeiistein, Boters, C, 08. i. 1005, 
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series of investigations by Hantzscb and his pupils* Their change of colour 
on forming salts suggests that they are probably pseudo-acids; but until 
lately there was very little evidence to confirm this, practically the only tests 
for pseudo-acids which they give being their conductivity in aqueous aleohoP 
and in pyridine.^ The most satisfactdry way of proving a difference of 
constitution between the nearly colourless hydrogen compounds and their 
strongly coloured salts would be to prepare isomeric esters, about whose 
constitution there could be no doubt, which should show the same difference 
of colour. This had never been done for any group of tautomeric substances, 
until it was finally effected in the case of the nitrophenols by Hantzsch and 
Gorke.® The ordinary nitrophenol ethers have long been known; they are 
true phenol ethers (as nitroanisol N 02 ‘C 6 H 4 - 0 CH 3 ) and are colourless. But 
besides these it was found that under special conditions isomeric ethers of 
a deep red colour could be obtained. They are formed by the action of 
alkyl iodides on the silver salts of the nitrophenols ; but there are great 
difficulties in preparing them. All the materials must be purified with the 
utmost care and completely dried. The action is carried on first at 0° and 
then at the ordinary temperature. These precautions are necessary on account 
of the instability of the red ethers. They change with the greatest ease into 
the isomeric colourless ethers, and in the presence of traces of moisture they 
saponify to the free nitrophenols with extraordinary rapidity. If the proper care 
is taken, a mixture of the two isomeric ethers is obtained, which is separated 
by fractional crystallization from ether or chloroform and ligroin, the red 
ethers being the more soluble. These ethers are dark red in colour, the 
isomeric ethers being quite colourless when pure. The red ethers, w^hose 
melting-points are at least 20° lower than those of the leuco-compounds, 
are much more soluble in all solvents, giving a coloured solution even in 
water. They change over into the leuco-ethers even on standing in the solid 
state, the chromo-trinitrophenol ether being completely changed in a few weeks. 
In indifferent solvents the change is quicker, and in presence of hydrochloric 
acid gas almost instantaneous. Hence it has not been found possible to obtain 
the red ethers free from their leuco-isomers ; the one which was obtained in the 
highest degree of purity was the trinitrophenol derivative, of which a 1*5 per 
cent, yield was got, still containing 10 per cent, of the leuco-ether. The red 
ethers were shown by the raising of the boiling-point in chloroform solution to 
be monomolecular. 

Their saponification is extraordinarily rapid considering the relative stability 
of the leuco-ethers, and is quicker the more acidic the nitrophenol. Thus the 
trinitrophenol (picric acid) derivative is the most rapidly attacked, being rapidly 
saponified by water alone ; the ortho-nitrophenol compound the slowest, but 
even this is instantaneously decomposed by sodium carbonate solution, which 
has no action on the leuco-ether. In this way the percentage of leuco-ether in 
the compound was determined. 

The existence of these easily saponified isomeric ethers explains why it is 
often found that if the silWt salt of a nitrophenol is alkylated without special 

1 Ber. 35 . 1001 (190^ SiU, Z, PK Oh, 51 . 589 (1905). 

Hantzsch, Caldwell, Z, Ph, Oh. 61 , 227 (1908). » Ber, 39. 1073 (1906). 
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precautions tlie free nitroplienol is produced (compare the case of nitrofonnl. It 
ic eYeii pussilile that the cliromo-etiier is in all cases the sole primaiy product, 
am! that this then partly isomerizes to the leuco-ethers, and partly saponifies to 
the iiitroplienoL 

The eliromo-ether of #.-nitropheiioh is a dark red oil, which was purified from 
the i-omerie riitroaiiisol |CH;P'CtjIl 4 -XO.j by freezing out. though even then it 
contained 20 per cent, of the latter. It does not change into the leueo-compouiitl 
on standing if it is quite diy. The 5'-trinitrophenol ether (which may he called 
the true picric loses its colour in ethereal solution in three to four weeks^ 

ur. if liydrocliiork acid gas is passed into the solution, in three minutes. In the 
ease of pnira-iiitroplienol, the chromo-ether was shown tu exist, as the product 
was coloured and only lost its colour gradually on addition of acid, which would 
tlostroy the cohjur of the salt at once. But it could not ])e isolated. 

The existence of a cliroiiio-etlier of nieta-nitropiienol could only be inferreil 
from the fact tiiat in the alkylation free ^w-nitrophenol was produced. 

Now there is no doubt that the leuco-ethers have the alkyl attached to the 
l>henol oxj'^gen. as in The chromo-ethers, having the same 

molecular weight, must have an isomeric structure, and must have the alkyl 
attached to tli«? nitro-group. Hantzsch originally suggested for them the 

obvious qiiinoid formula Q— . But later -work has shown that 

it is probable that the quinoid group alone is not sufficient to account for 
the colour, and we must therefore suppose in this case (as in those of the 
nitro-ketones and the dinitro-paraffins) that the second substituent (here the 
phenol hydrox^d) also comes into play. We are thus led to accept, provisionally 
tit any rate, a formula analogous to the old peroxide formula for quinoiie 
(though without necessarily accepting that formula for quinone itself) : — 

-0 

The discovery of these chromo-nitrophenol ethers is of great importance 
' ill its bearing on the question of the relation between constitution and colourd 
Without discussing this question in detail, there are two points in it to be 
noticed. In the first place, it was held formerly, especially by Ostwald and 
his school, that ionization is sufficient of itself to account for a change of 
colour ; and that the ions have or may have a colour different from that 
of the undissociated molecule which produces them. But for several years 
past there has been an accumulation of instances in which it has been proved 
that the differently coloured ions had also a different constitution. Thus 
the great majority of indicators have been shown either actually to be pseudo- 
acids or pseudo-bases, or at any rate to possess structures which are characteristic 
of these classes of bodies. Hantzsch, to whom a great part of the evideiace 
is due, has been led to the conclusion that all changes of colour are caused 
by changes of constitution, and that ionization is altogether without influence 
on colour. There is some reason to think that the truth Kes between these 


0 


‘ Hantzsch, Ber. 39. 10S4 (1906). 
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two extremes, though much more on the side of Hantzsch ; and that ioniza- 
tion may affect the depth of colour to some extent, but not its tint, so that 
from the qualitative point of view (with which we are mainly concerned) 
Hantzsch’s doctrine may be accepted. Whenever we get a distinct change of 
tint, and especially whenever we get the Crhange of a colourless into a coloured 
body or vice versa, we are justified in assuming that a change of constitution 
has occurred. 

The second question concerns the structures which are required to produce 
colour. Witt’s theory of chromophor and auxochrome (in its original form ^ 
and not as subsequently modified to apply to dyes) is an excellent empirical 
guide to this problem. According to this theory there are certain groups, 
for example the azo-group, the quinone ring, and the nitro-group, which 
tend to be coloured, and are known as chromophors ; and certain other groups, 
the auxochromes, such as hydroxyl, methoxyl, NH 2 , &c., which are not in 
themselves coloured, but which, when they occur in the same molecule as 
a chromophor, increase its colour to a greater or less extent, 

^ A controversy has been going on lately between Hantzsch and Kauffmann 
^ as to the relation between colour and constitution, which appears at first 
sight to be a dispute as to the validity of Witt’s theory, but is really concerned 
only with the interpretation of the facts. To take a concrete instance : nitro- 
benzene when pure is colourless; if a hydroxyl is introduced (giving nitro- 
phenol) it becomes feebly coloured; if the hydrogen is replaced by metal 
it becomes strongly coloured. Witt would say that the nitro-group is 
a chromophor, the hydroxyl a weak and the MO group a strong auxochrome. 
This is merely a clear restatement of the facts. The question at issue is why 
this is so. The older theory scarcely concerned itself with this : it considered 
that the mere ^ passive coexistence ’ of chromophor and auxochrome was 
sufficient to account for the colour. The modern defenders of the theory, 
such as Kauffmann, conscious of a certain weakness at this point, speak of 
a mysterious influence, not to be too closely examined, exerted by the auxo- 
chrome on the delicate structure of the molecule. As against this view, 
Hantzsch adopts a clear and definite standpoint. He holds in fact, though 
not perhaps explicitly, that the colour is an additive property, in this sense, 
that every group exerts its own influence on the absorption of light inde- 
pendently of the other groups present. Thus the fact that nitrobenzene 
is colourless shows that the group has no effect on visible light. The 

same must be true of '^the group KO attached to the nucleus, since KO*^ has 
no colour. Hence the body K0-CgH4,’N02 must be colourless also, and as potas- 
sium nitrophenol is coloured it cannot be represented by this formula. Since 
a new effect — the production of colour — results from the simultaneous presence 
of KO and KO 2 in benzene which does not occur with either of them separately, 
a jaew structure must have been produced by the interaction of these two 
groups (the chromophor and the auxochrome) with one another and with the 
benzene nucleus, as may be represented, for example, by the quinoid formula 
O*— 0|jH4r-K0‘0K, or in other ways. The difference and the superiority of 


^ Ber, 9 . 522 ( 1876 ). 
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\k.w lie in the i\id that lie looks fur deiinite ditiiv^e^ of strueiiiru 
accompanying eoli air changes. The advantages of this are obvious. Tiiere 
is alnniclaiit evidence that change uf colour is an iiniication of change of 
-structure, and that it is one of the most valuable — just because it is one of the 
juos: olivioiis— proofs that we possess *of tautomeric change. We may tliereiore 
fiisrcgard KaiiiTinaiin's view, anil consider wdiat light Hantzscdi's theory throw- 
oil the question of the structure of the nit rophenols and their derivatives. 

All’ true (i. e. not aei-l iiitroliydroearbons. whether fatty or aromatic. 
wh'Cther they contain one or several iiitro-groups fas triuitrobenzene, nitroibriii. 
teiraiiitroiiiethaiKs &c, f. have been sliotvn to he colourless %vhcn pure, though 
iii some eases the purification is a matter of some diificulty. So are also all 
-ubstitiited nifrobc'nze lies with unalterable substituents, i. (>. '^iilistiiuents which 
cannot go over hiio tautomeric forms, as OAIk. OAe, 'with one exception to 
be discussed later. The only iiitro-aroiiiatic compounds wdiich are coloured 
are; many iiitn»piieiioIs. some of their ethers, and all of their salts. The exis- 
tence of the twr^ series of ethers makes it certain that the nitrophenols are 

OH 

tautomeric, gdviiig derivatives of two forms, one , colourless, and 

. 0 ^ 

the Other, c' m.illv assigned the quinoid formula. , coloured. 

jSO-OH 

3Iany free* nitrophenols are either absolutely or almost absolutely colour- 
less fj?-nitropIienoL 2,-l-dmitrophenob 2, 4, 6-trinit rophenol) : they are therefore 
practically entirely the true nitro-form. Others, like o-nitrophenol, m*e quite 
distinctly coloured, but much less so than their salts. This suggests that they 
lire partly in the chromo-form, but mainly in the other. To this there is 
an apparent objection, for Knorr has shown that, except at its hypothetical 
transition point, a solid tautomeric substance can only be in one form. But 
this proof depends on the assumption that the two solid forms constitute 
two distinct phases ; and it is possible for a solid solution of the two solid 
forms to exist as a stable substance. Hantzsch assumes (with great probability) 
that this happens with the two forms of the nitrophenols, as he had previously 
done for the solid diazonium halides. The proportion of the two forms -will 
depend on the substance and also on the temperature: and it is found that 
as a fact all nitrophenols in the solid state (as also in solution) get darker 
on heating. 

The salts of the nitrophenols with the alkalies and alkaline earths, which 
are always much darker than the free hydrogen compounds, must be practically 
entirely in the much more acidic chromo-form. These salts, like those of 
the a-nitro-ketones and the dinitroparaffins, occur in two series,- one yellow 
and one red, this difference not depending on the state of hydration. Hence 
the nitrophenols can give two series of chromo-derivatives, the salts belonging 
to both series, the ethers, as far as they are yet known, only to one. ♦ 

In solution the free nitrophenols are coloured, and hence the two forms 
are present in equilibrium, the proportions depending largely on the solvent. 
In this respect the order of solvents is the same as that observed by Wisliceniis 
and Claisen for the keto-enolic equilibrium : ligroin nearly colourless : (nearly 

^ Hantzscli, Ben 39. 1084 (1906), ^ Haiitzseli, Bet\ 40. 330 (1907). 
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all true nitro)— chloroform pale — ^benzene rather darker— alcohol and ether dis- 
tinctly darker— water darker still. In other words, the chromo-form is favoured 
by an increase of the dielectric constant, as it is by a rise of temperature. 

In an aqueous solution of a nitroph^hol we have the following substances 
present : — « 


(1) Ar<^^^ 


(2) Ar<, 


O 

NO-OH’ 


(3) 


Ai<? 


NO-0' 


(4) H- 


omitting the ions of the practically undissociated true nitrophenol (1). Of 
these the coloured substances are (2) and (8), while the conducting substances 
are ( 8 ) and ( 4 ). Experiments on an aqueous solution of 2y4-dinitrophenol 
showed that the dissociation (up to 80 per cent.) and the colour remained 
proportional, showing that the amount of undissociated coloured aci-form 
present was negligible. If a strong acid, such as hydrochloric acid, is added 
to a solution of a nitrophenol in water, the consequent increase of hydrogen 
ions will drive back the dissociation of the aci-form, and so in order to restore 
equilibrium a corresponding quantity of this must go over into the colourless 
form and the colour must diminish. Experiment showed that this was the 
case. The colour of picric acid solution (at a dilution of 1,145 litres) diminishes 
to 68 per cent, of its original value on adding half normal hydrochloric acid, 
and to 20 per cent, if the acid is made ten times normal. Ortho-nitrophenol 
also becomes paler on addition of acid, but it is still distinctly yellow even 
in concentrated hydrochloric acid, where it must be practically undissociated: 
so that even in this case a perceptible quantity of the aci-form must be present. 

The salts of the nitrophenols are sometimes yellow and sometimes red; 
in certain cases salts of an intermediate orange colour are obtained, but these 
can be separated by careful recrystallization into a yellow and a red component. 
These latter are probably in most cases only mixtures of the two salts ; but 
sometimes their colour deepens on warming, and returns to its original shade on 
cooling. In such instances it is probably a solid solution of one form in the 
other.^ It is often found, where both salts can be obtained from the same 
alkali and the same nitrophenol, that they differ in the amount of water which 
they contain ; but the fact that it is sometimes one form and sometimes the 
other which is hydrated shows that the water is not necessary to either form, 
but merely determines (in the same way that the alkali metal does) which is 
the stable modification in that particular case. 

One of these bodies, 5-tribromo-meta-dinitro-phenoL 

NO 2 Br 

Br-<! >-OH, 

gives two isomeric potassium salts, one yellow and one red, of the same 
‘-composition; they give different solutions of their own respective colours, 
but of the same molecular weight and conductivity. 


1 Korczynski, Ber, 4rSS. 167 (1909), finds that the red salts of the same nitrophenol with different 
alkalies differ in depth of colour; and hence infers that they are themselves solid solutions of 
a darker form in a lighter. 
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Tiicse two series of salts in list have two diiferent eoixstiriilional tbrniulae. 
Tlie structuie 3IO*C is obviously excliitled as colourless, since tiie eonv* 

sponfiiiig etlier is colourless. It is conceivable tliat one series mlglit cori’espoml 
to the peroxide and tbe oilier to tlie cJketone structure of fpiinone 


|^‘ and 




Ti> tliis there is tlie objection that sucdi isomerism would be possible in other 
qiiiiione derivatives as well, wliile it would not be possible in fatty n:po7;n‘h. 
Now this oceiirreiiee of two isomeric series of differently coloured salts lias 
not been observed with any <iiiiiioiie derivatives not containing nitrogen, 
while on the other hand it is exactly repeated in the nitro-ketones and in the 
diiiitroparaiiris. This would seem to show that it is of a kind which does 
not depend on the peculiarities of the quinone ring. This points to stereo* 
isoinerisiii as the cause, and we already have a parallel case in the syn and 
anti diazo-sulplionates, of which the former are dark in colour while the 
latter are light. 

As it is reasonable to assume a direct connexion between the iiitro-group 
and the phenol oxygen, we ma}’' take the peroxide formula of quinone as the 
basis, and write the isomers 

q^i4“-o 

a. ^ N-OK ; ,i. ' 

il ■ II 

O O 


Xow’ the red ethers, w^hich must correspond to the red salts, go over veiy 
easily into the colourless phenol ethers ; this suggests that they have the 
OK group close to the phenol oxygen, and so have the a formula, in which 
case the yellow salts would have the f3 structure. 

These phenomena of isomerism among the nitrophenol salts occur in all 
three series, ortho, meta, and para: indeed it is in the meta series that the 
isomers have been separated. And unless we are to assume that the meta 
salts have a structure entirely different from that of the ortho and para, we 
must admit the possibility, which is generally denied, of meta qiiinones. But 
the formulation which Hantzsch adopts gives us a 'way out of this difficulty. 
There is no doubt that the quinones themselves and many of their simpler deri- 
vatives, such as the imides and oximes, which are well known in the ortho 
and para series, have never been prepared, and so far as we can see cannot 
exist, in the meta series. But for such compounds, and especially for the 
quinones themselves and their oximes, the diketone formula is far more 
probable than the peroxide ; and it is quite conceivable that this is why 
the meta derivatives do not exist in these cases, the grouping • 

X 

iQ=x 

which we should have to assume in them, being impossible. But if Hantzsch 
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IS right in thinking that in the nitrophenol salts we have derivatives of th 
peroxide formnlaj it does not in the least follow that the structure ^ 



of the meta derivatives of this type is impossible. If so, it is perhaps a mistake 
to speak of such a formula as ‘ quinoid but the name has been accepted, and 
it is a convenience to retain it, as long as the questions of structure are^ still 
undecided. 


This isomerism of the salts is not confined to those of the alkali metals 
It is observed in the thallium salts of picric acid ^ ; and in the mercuric salts 
very peculiar relations are found.^ Mercury is of course miicii less positive 
than the alkali metals, and its salts are remarkable for their low degree of 
ionization, frequently not greater than that of the acid from which they are 
derived. Accordingly we find that the properties, and especially the colour, of 

the true mercuric salts of the nitrophenols, such as Hg, resemble 

those of the free nitrophenols themselves. They must therefore be mixtures 




or solid solutions of the normal and aci-form and 

But, as Dimroth has shown, the mercury atom in the salts of aromatic 
compounds has a strong tendency to migrate to the ring ; and in these 
compounds this actually occurs. If they are boiled with water they split 
off one molecule of free nitrophenol, and form deeply coloured anhydrides : — 



^Hg-0 

-i- jo, 


in which the mercury is attached on one side to the nitro-grouj), and on the 
other directly to the benzene ring. They are exactly analogous, for example, 
to Bimroth’s mercuri-benzoic anhydride 


C6H,<cJ>0. 

They are non-eleetrolytes and give no reactions of the niereurie ion. If they 
are treated with strong acid the ring breaks between the mercury and the 
nitro-groiip, the mercury remaining attached to the nucleus, and a salt, such as 

/NO, 

C„H,-HgCl, 

\OH 


is formed, which is colourless or only faintly coloured, 
of the ring is produced by alkalies, giving, for example. 


The same breaking 


NO-OM 


CcHs-O 


'^HgOH 


* Eabe, Z. P7i. Ch. 38. 175 (1901). 


^ Hantzsch, AulcI, Ber. 39. 1105 (1902). 
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II;.nw>rh h. - ^:n«Iy ol its properrit*;: In v-ri,;:;- s^.ilvont'- in 

•li--.'’:i;i:InL. '■ Ivi ni- it niv••^ ^^nvauiy c-jlourou ^yellowi :hi- 

L-imj ri>',:;^My s /.-p. >rti« tu Ulo uieleciric TLo inulr-^ uIm' W4?ig'.it 

i- pni,eth;;niy ; crima )h^xi: I;: :Le netirly colourless Lfxane solution and in tbf 
yt'ikov s-Iution in .notliyl alcohol. The colour a t^nidr-ncv 

to iinn’w.-tr v.-i'j; the concent ration, but this may be only experimental eriMr. 
The }»Jh'y' ^ Iutioi> mv noii-condm-tors, so tLai a d!S--‘jcirLtod torui net 
^ rod- Coda Tia* colour --‘eems to be unailected by temperature. 

It is i\'idiont that tie* colourless furni is the true liydroquinone oile-r, wlius^.' 
ibrmuhi l< u’iven above. In solution this changes Into a yelluw i-omer, tht 
oouihbrhim ]»etween the hvo depending on the solvent and the yoHavr furni 
I.eing lavoured by jsulvenrs of iiigli dielectric capacity. But whai thi^ yellow 
i‘orm may be it is at present impossible to say. 

Picric acid, symmetrical trinitroplienoh has long been known. It is iormod 
by the action of nitric acid on many organic substances, such as indigo, aniline, 
resin, silk, and leather. It is generally prepared by the action 01 iiitiie acid 
on a solution of phenol in concentrated sulphuric acid. It is the oldest artiticiai 
dye. The free substance is pale yellow, but its aepueous solution and that 
of its salts are much more deex 3 ly coloured. It is found - that its alcoholic 
solution becomes much paler when it is cooled with liquid air, and that the 
solid under these conditionb is almost white. This indicates a displacement 
of the equilibrium between the two forms, and seems to show that the free 
substance is a solid solution. It is remarkable that its solution in azih^mrous 
ether" is almost colourless, but turns yellow on adding a drop of w’ater, a 
fact 'svhich can be used to detect the presence of tvater in ether. This addition 
of a trace of i-vater also greatly increases the solubility in ether. ^ Picric acid 
can be used to dye animal fibres directly, but the colour is not very fast. 
It is now- x)racticaily abandoned as a dye, but is manufaetured in hundreds 
of tons for use as an explosive, especially in war, on account of the ease 
%vitli w'hich it is prepared, and the fact that it is not liable to be exploded 
by an accidental blow. Its salts exi>lode when struck, but tlie free acid 
requires a detonator. The so-called melinite bombs are niled w-ith molten 

’ ILintzrfch, Uer, 40. (1J‘07'. Cf. Hantzsch, Siaigor. Jin’. 41, 1*204 (ittbh 

- lloiilurichka, (\ 07. i. £"72. *' Bongauit, C. 03 . ii. 007>. CuU*:, f . 06, i. 2CJ 

•' ^Viil, IJer. 37. 2'J4 ^1904). 
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picric acid, and fitted with gun-cotton detonators. In the laboratory pier' 
acid is often used to identify bases, with which it forms well crystalh^d 
and sparingly soluble salts, and also many hydrocarbons, with which it for^ 
crystalline addition compounds. A strojiig solution of sodium pierate ma 
be used as a qualitative test for potassium, giving a precipitate with a potal 
sium salt, owing to the fact that sodium pierate is twenty-six times as solubl 
in cold water as the potassium salt. ® 

Symmetrical trinitrobenzoic acid, which has already been referred to in 
connexion with the nitronic acids, affords a striking instance of the inaetivity 
(due to stereo-hindrance) of the derivatives of the di-ortho-substituted benzoic 
acids. Its chloride, CO-Cl 

NO2-Q-NO2, 

NO2 

is by far the most stable acid chloride known. It is largely undecomposed 
even after boiling with water for an hour. This is the more remarkable since 
in pici'yl chloride, which differs from trinitrobenzoyl chloride only in not 
having the CO between the chlorine and the nucleus, the effect of the nitro- 
groups is to loosen the attachment of the chlorine so much that it is removed 
by water. The stability of the acid chloride is of course due to its protection 
by the nitro-groups, which prevent the water molecules from coming up to 
react with it. But it is difficult to see why in pieryl chloride the nitro-groups 
should not exert a similar protective infiuence. 


NITEO-DIPHENYLAMINES 

The nitro-derivatives of diphenylamine closely resemble the nitrophenols 
m their colom- relations. They can be shown to be pseudo-acids by their 
conductivity in pyridine, and while they themselves have only a pale colour, 
their salts are deeply coloured. It has recently been shown by Hantzseh 
and Opolski' that this analogy extends to their alkyl derivatives as weU. 
Thus hexanitro-diphenylamine, (N02)3C<.H2-NH.C6H2(N02)3, and its methyl 
derivative, (N 03 ) 3 CoH 3 . 2 T(CH 3 ).CoH,(N 03 ) 3 , are only feebly coloured, whUe the 
s^ts form two series, one red and the other violet. By a method exactly 
similar to that used for making the chromo-ethers of the nitrophenols 
(treatment of the silver salt with alkyl iodide at a low temperature in 
complete absence of moisture) it yields an isomeric methyl ether, forming 
black crystals which give a violet solution in benzene. This is only produced 
in small quantity and is very unstable, going over into the normal isomer 
when heated above its melting-point, and even at the ordinary temperature 
m many solvents, and being almost instantaneously saponified by acids. 
As with the nitrophenols, the chromo-ether has the lower melting-point 
(chromo-ether 140°, leuco-ether 236-7°), but in this case it is less soluble 
m all solvents than its leueo-isomer. It is to be noticed that in both cases 

the colour of the chromo-ether is that of the more deeply coloured series 
of salts. 


* Ber . 41 . 1745 (1908). 
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CARBONIC ACID DERIVATIVES 

Oil 

Carbonic iiciil, C— 0 , Ceiiis: ti dibasic acid, can cyive:— 

VOH 

,/XIL 

1. A monaiiiide C^O carbamie acid, wliich cannot exist in the free state. 

blit is known in the form of salts and esters, ilie latter being the so-called 
urethanes. 

2. A illamide ('—0 carbamide or urea. 

’nXH. 

/•NIL 

3. An amkliiie C— XII tautomeric with urea. There is evidence for the 

OH 


existence of this form among the derivatives of urea. 

4. A cli-iinide which only a few derivatives are known. 

/XH, 

5. An amidine-aniide Q=XH , the amidine of carbamie acid, which is 

\xhA 

guanidine. 

It can also form (6) an imide, CO XH, which is isocyanic acid, but this is 

more conveniently dealt %vith among the cyanogen compounds. 

Those derivatives which contain oxygen can have this oxygen replaced by 
sulphur ; and the thio-compounds so produced are of considerable importance. 


Carhamic acid, the monamide of carbonic acid, occurs only in the form of 
salts and esters. 

The ammonium salt is produced by the direct union of carbon dioxide and 
ammonia 

+ 2 XHo = C=0 " • 

\O.NH, . 

It is best obtained by passing carbon dioxide and ammonia simultaneously into 
cooled absolute alcohol, when it is deposited as a crystalline powder. It oeciU’S 
in commercial ammoniimi carbonate, which is made by subliming a mixture of 
ammonium sulphate and calcium carbonate ; that is, by the condensation of 
a mixture of equal volumes of water vapoui*, carbon dioxide, and ammonia. If 
they were completely condensed they would form ammonium carbonate, but 
some of the %vater escapes. 

A solution of ammonium carbamate when treated %vith dilute calcium chloride 
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solution gives no j)recipitate at first ; but on standing, or more rapidly on 
heating, calcium carbonate is thrown down, owing to the carbamate taking up 
water. Under these conditions the hydrolysis is complete, as the carbonate is 
removed from the solution as quickly as ifi is formed. But if the carbamate is 
treated with water alone in the absence of the calcium salt, the reaction 
is found ^ to be reversible, an equilibrium between carbamate and carbonate 
being established. On treatment with mineral acids it is saponified at once, 
giving an ammonium salt and carbon dioxide. On the other hand, as the 
ammonium salt of a carboxylic acid, it breaks up when heated in a sealed tube 
into its amide — urea — and water : — 

/NH. /NHo 

QzzO ^ = 0=0 ^ + H.O. 

\ 0 -NH^ XnHs 

The acid chloride of carbamic acid, carbamic chloride, is obtained by passing 
hydrochloric acid gas over heated metallic cyanates : — 

0 =C=NH + HCl = 

or by passing carbonyl chloride over heated ammonium chloride : — 

/Cl /NH, 

0=0 + NH, = C=0 +“ HCl. 

\C1 \C1 

It is a colourless liquid which boils at 61-62^, breaking up partially into cyanic 
and hydrochloric acids, which recombine to form carbamic chloride in the 
receiver ; but mainly into hydrochloric acid and a polymer of cyanic acid, 
cyamelide. This latter decomposition occurs fairly soon if the chloride is 
allowed to stand at the ordinary temperature. As an acid chloride it is violently 
decomposed by water to give ammonium chloride and carbon dioxide; with 
ammonia or amines it forms ureas, and with alcohols, the esters of carbamic 
acid or urethanes : — 

/NH 2 /NK, 

C=0 + C 2 H 5 OH - C=0 + HCl. 

\C1 \0C2H5 

If the alcohol is treated with excess of carbamic chloride, this excess reacts with 
the urethane as with an amine to give an allophanic ester : — 

H^N-CO Cl + HaN-CO-OCsHs - HshrUO NH CO-OCgH- -f HCl. 

With benzene and aluminium chloride carbamic chloride reacts according to 
the Friedel and Crafts method to form benzainide : — 

HaN-CO-Cl + CgHe = HglST-CO-CgHs + HCL 
The alkyl-substituted carbamic chlorides are got by passing carbonyl chloride 
over heated amine hydrochlorides. When they are distilled over lime they 
^behave as carbamic chloride itself does when heated alone, and break up into 
hydrochloric acid which combines with the lime, and isocyanic esters : — 
CHa-NH-COCl = HCl + CH3-1^=:C=0. 

The phenyl derivatives are obtained in the same way. 


1 Macleod, Haskins, C» 06 . i. 1820 . 
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LSI 


Tiie esters of carbamir aeiil ur are obtained: — 

1. From car])onie or eiilurocurbonic ester and amniooia : — 

XK. 

XII V i''=0 “ ^ 

■ OCJI, XOCJL 

2. From the aleolitd uiid cyanic acid : — 

HXi::C=0 - IIO-CMl, 


H.X.C 


O 


OCiJ,. 

3. By the action of akoliol on urea at a high temporatiire : — 

/XII /XH, 

('=0 “ IIO-CJI, = C=:0 “ ^ Xil . 

X^IL " ' OC.H, 

This is a reversal of the ordiiiary i’orination of amides by the action of ammonia 
nil fho esters. 

4. They may be piNn'ared. as has been shown, by treating earbamic chloride 
with aleolud. 

By substituting in these reactions amines for ammonia, or isocyanie esters 
for e^uiiiie acid, alkyl substituted urethanes can be obtained. 

The simple urethanes are ciystalline, the alkyl urethanes liquid. They all 
boil without (h- composition. 

The simple urethanes give with potash potassium cyanate : 

/XII, 

G=0 + KOH - KXCO + H.O + HOCIH-. 

\oaH-, ■ ' ‘ 

When their solution in benzene is treated with sodium they give a quantitative 

yield of sodium cyanate ^ : — 

Na-XH‘CO.OEt - XaXCO + HOEt. 

The mono-alkyl urethanes, when treated with nitrous acid, give nitroso- 
derivatives, such as nitroso-methy 1-urethane, 

\002H- 

according to the general reaction for secondary amines and amides. These 
nitroso-urethanes show a remarkable behaviour on saponification, which can 
best be explained by supposing that they first yield the very unstable nitroso- 
primary amine : — * 

Q=0 + H.>0 = CoH.OH + C0„ + OHo-NH-NO. 

\OO2H5 

This methyl nitrosamine then breaks up according to the conditions of the 
experiment to give either an open-chain diazo-compound CHo-XiNOK, 0 ^ 
diazomethane CHoXg, or methyl alcohol and nitrogen. 

The mono-alkyl urethanes on treatment with anhydrous nitric acid are 
nitrated in the XH group, and the products when treated with ammonia split 


ibrs 


^ Leuebs, Geserick, Ber, 41. 4171 (1908). 
N 
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up, regenerating urethanes, and forming nitramines, which, being comparatively 
stable bodies, are not further decomposed : — 


\ 0 C 2 H, 


+ NH~ 


, /NH., 
^0 




Tlie simple urethanes give sodium derivatives in which the amide hydrogen 
is replaced, such as NHNa-CO-OEt. These bodies^ react with esters as amines, 
giving amides, for example, vdth phenyl acetic ester : — 

0-CHo-GO-OEt + raKa-CO-OEt = ^.CHo-CO*NH-CO*OEt + NaOEt. 

The tendency to this reaction is so strong that it even takes place with haloid 
esters, such as chloracetic ester, which forms OHoChCO-NH*CO-OEt, instead 
of sodium chloride being eliminated, as we should expect. 

Ordinary urethane, when treated with bromine® in alkaline solution, gives 
an amido-bromide CoH.-.O-CO-NBrg, an unstable oil. In neutral Splution 
bromine has scarcely any action except in the presence of a carrier, such as 
iron wire ; but in that case the bromine attacks the ethyl group, splitting off 
bromal CBiv/CHO. 

The sulphur derivatives of carbamic acid can occur in various forms : thus 
three mono-thio-derivatives are possible : — 

/NHo /NH 2 

0=8 , C-SH , C-SH . 

\0H \0H \0 

The free acids are tautomeric, differing only in the position of the hydrogen 
atoms and the double bond. They belong to the same highly tautomeric class 
of bodies as the thio-acids and the thio-amides. Free thiocarbamic acid is 
unstable, but its salts are known. The ammonium salt is formed by the 
combination of carbon oxysulphide and ammonia. If, however, the hydrogen 
atoms are replaced by alkyl groups, these groups are incapable of tautomerizing. 
It is obvious that the monoalkyl derivatives can be of three kinds, according as 
the alkyl is attached to nitrogen, sulphur, or oxygen. Of these three classes 
two are known, the sulphur and oxygen esters. The joitrogen derivatives would 
still be acids, and hence would share the instability of thiocarbamic acid itself. 

The 0-esters are obtained from the dithio-carbonie esters by the action of 
ammonia (normal formation of amides) : — 

• /SEt 

C=S + NH 3 = EtSH + C^S . 

\OEt \OEt 

Their constitution is shown by their breaking up when treated with aqueous 
alkali to give alcohol and a thiocyanate. 

The S-esters are got by the partial hydrolysis of thiocyanic esters with 
alcoholic hydrochloric acid : — 

Et-S-C=N + H 2 O - Et-S-C-NHg. 

O 


> Diels, Heintzel, Ser. 38 . 297 (1905). 


Diels, Ochs, Ber. 40 . 4571 (1907). 



Th'm-tirhamk Adik 18!} 

Tlieir cull St it lit ion Is prtwed by tlieir metliod of fomiatioiij and hj ilio Let tliat 
021 sapoiiifieation tliev yicdil inereaptaiH. 

,XII 

DitMo-earbamie acid i!=*S 'C-SII is obtained in tlie funn of its 

SH SII 

aiiimoniimi salt by the eombiiirdioii of ammonia and carbon di'-ulpliido ; and this 
salt on trealiiieiit with dihile acid gives tin* five add an un??table 

ivdilisli oil. 

A dialkyl derivative of this umnioniinu salt is formed by the action «if 
carbon disidpliiile on fatty umiiies: — 

.-XllEt 

k exii.Et - e=s 

This reaction is gem*rally said to distinguish the fatty amines from the aromatic, 
which niuler these conditions give a dlaryl thiourea |e. g. aniline gives thio- 
carbanilide) ; l>ut it has recently been shown that some aromatic amines will 
form dithioearbaiiiates in presence of anxmoniad 

Carbaniic acid is the mono-carboxyllc acid of ammonia, NH^-COOIL The 
corresponding dicarboxylic acid, NH(COOH)^, the so-called imlno-dkarhoxifllc 
iicid^ is also known in the form of certain derivatives.- Its neutral esters are 
obtained by the action of chloro-carbonic ester on the sodium urethanes : — 

"^'-CO-OEt + 


This is a ciystalline body, M.Pt. 50°, B.Pt. 215°. It is to be observed that this 
ester is more acidic than urethane. If it is treated with sodium urethane, the 
sodium passes over to the nitrogen of the dicarboxylic ester.^ 

If this sodium imino-dicarboxylic ester is again treated with cidoro-carbonic 
ester, the last hydrogen on the nitrogen is replaced by carboxethyl, and nitrogen 
tricarboxylic ester* is produced. 

/CO-OEt .CO-OEt 

-r CbCO-OEt = N-CO-OEt + XaCL 
'' CO-OEfc \CO-OEt 


This body, a liquid boiling at 146° under 12 mm. pressure, corresponds to a 
triamide like triacetamide and accordingly is very easily saponified 

to alcohol, carbon dioxide, and imino-dicarboxylic ester. If it is treated with 
anhydrous ferric chloride, it splits up in an unusual manner, to give carbox- 
ethyl isocyanate and ethyl carbonate ^ : — 

/CO-OEt /Ofet 

N-CO-OEt = 0=C=N-CO-0Et + g=0 . 

\CO-OEt \OEt 


The monamide of imino-dicarboxylic acid is alloplianic acid 

y/lSiBlg CO 

C=0 (urea carboxylic acid), and its diamide is biuret 

\NH-OOOH OU-JNi±a 

which is one of the products of the action of heat on urea. 


^ Losaixitscli, Bm\ 40. 2070 ( 1007 ). ^ Kraffc, Ber» 23. 27S6 (1890). 

® Diels, Ber* 36, 7S6 (1903). * Diels, Nawiasky, Ber. 37, 3672 (1904). 

6 Diels, Wolf, Ber, 30. 686 (1906). 

K 2 
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UREA 

This body is memorable in the history of chemistry from the fact that its 
formation from ammonium cyanate by 'Vtohler in 1828 went far to break down 
the barrier which had been set up between organic and inorganic chemistry. 
It is of course incorrect to describe this as a synthesis of an organic substance 
from inorganic materials ; but it was the first case in which a body admittedly 
of an organic nature was produced from a material which was regarded as 
belonging to the class of inorganic compounds. It is not a little remarkable 
that John Davy had obtained urea several years before this by the action of 
carbonyl chloride on ammonia, but had not recognized it. 

Wohler's method, of heating ammonium cyanate, is still used for the prepara- 
tion of urea. The reaction occurs on evaporating the aqueous solution ; but it 
is reversible, and hence the conversion is never complete. It has been in- 
vestigated in great detail by Walker and Hambly,^ who find that the change of 
ammonium cyanate into urea is much more rapid than the reverse change, 
equilibrium being reached in a decinormal ‘ solution when there is about 95 per 
cent, of urea and 5 per cent, of cyanate present. This equilibrium is little affected 
by the temperature. Their method of titration was to treat a known volume of the 
solution with an excess of silver nitrate, whereby the cyanate was precipitated 
as the almost insoluble salt, while the urea did not react. It was found that the 
formation of urea from the cyanate was not, as might have been expected, mono- 
molecular, but bimolecular, the velocity being proportional to the square of the 
concentration of the ammonium cyanate. Further examination showed that 
while the addition of indifferent salts such as potassium sulphate, or of ammonia, 
had veiy little influence on it, it was greatly increased by adding either a cyanate 
or an ammonium salt. This proves that the two molecular species, to the 
product of whose concentration the velocity is proportional, are and CNO'. 
The salt being highly dissociated at the dilutions employed, the concentration 
of each of these ions will be nearly equal to that of the salt, when no other 
substance is present, and therefore the variation in the velocity with the dilution 
will be that required for a bimolecular reaction. The addition of a salt like 
potassium sulphate will not affect the concentration of these ions, and will 
therefore not affect the velocity either. On the other hand, if we add to the 
solution either a cyanate or an ammonium salt, "we shall increase the concentra- 
tion of one or other of the two ions, and hence also the velocity of the reaction. 
This explains also why it is that ammonia does not increase the velocity, while 
an ammonium salt does so. The addition of ammonia does not appreciably 
affect the concentration of the ^114 ions, because, as a very weak base, it is only 
ionized to a minute extent, especially in the presence of an ammonium salt. 

From these experiments Walker infers that it is the ions of the ammonium 
^anate which change into urea, and not the undissociated cyanate. But this 
conclusion, though it was accepted for many years, is not really valid. If we 
assume that the salt obeys Ostwald's law, we have in solution the equilibrium : 

^ ^ ^NHjCNO “ ^ ‘^CNO'- 

» J. C. S. IBOB. 746 ; Walker, Appleyard, ib. 1896 . 193 ; Walker, Kay, ib. 1897 . 489. 
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Now wliat Wiilkor sliowod h fliot ilie rate uf lorinutiun of is prrqHtriional 
to the ria^it-iiaiid sidt' of ilm It foIhAr^ that it must al-o h- pr**- 

portional to the left-liaiid sine : that is, to the ronoont ration of the tm«lisso<*jateri 
]Hirlioii of iho aiiimoniiim eyaiiate. Put this is what we slioa]«l find if it was 
only the iiiidissociaied portion, and not the ion?, whieli formed nroa. i^Ioreuver, 
tile addition of excess of either ion. i.e. of an ammonium salt or a eyanatts %vili 
alter tin- eoiimitnitioii of the nil dissociated salt In the same proportion as it 
alters the product of the concent raiiun of the two ions. Thus the re=iults 
oht aiiietl hy Walker are fnpially eoinpaiihle either with tin* \h''W that it is the 
ions which imdoyi^o the change, or with the view that it is only tho uiidissociafed 
part of the salt which dor*> s(a Siihsoquent « -iLaa. m laive >hown that it is 

lilt* whole more probable that' the reaction is due to the undissociatal portion 
of the salt. 

The substitution uf alk\d aminoniuin cyanates’ for aininonium cyaiiate 
affects the velocity constants of the reaction, generally diminishing them ; but 
no regularities could be observed. 

Another remarkable nietloar^ of making urea from inorganic eonstitiients is 
by heating a solution of earbun monoxide in aminoniacal cuprous chloride, %vlieii 
metallic copper separates and urea is formed : — 

CO + 2 Nil. + CinCla - HoN-CO-NH. + 2 IICl 4 2 Cu. 

There are two other methods of formation which are of interest as showing 
the constitution of urea, firstly J. Davy’s synthesis from phosg<me and ammonia, 
which is best carried out by acting wnth the phosgene on sodium phenate, so as 
to give phenyl carbonate, and then warming the phenyl carbonate in a stream 
of ammonia : — 

/Cl /O0 

0=0 + =2 NaCi 4 G=0 : 

'\01 NaO^ 0<l> 

/0(p /'NHo 

C=0 4 2 Nil. « 2 IlO(p 4 C=0 : 

■0(p “ \NH2 


and secondly, the partial saponification of cyanamide 


C^: 






4 HoO 


/NHo 
Q=0 ^ 
\NH, 


Urea forms long colourless prisms, melting at 1S2~13S^ ; it is easily soluble in 
alcohol, and very easily in water. It is a fairly strong monacid base, and forms 
stable salts with acids, one of which, the nitrate, is often used fd!t isolating it, 
as it is only slightly soluble in w^ater, and nearly insoluble in strong nitric acid* 
Urea is the most important form in which nitrogen is excreted from the 
animal organism, and it is also found ® in various animal fluids, such as blood 
and lymph, though generally only in small quantities. It has also been foim^ 
in certain plants.^ 

As an amide, urea is saponified by acids and alkalies, forming carbonic acid 


^ Walker, Applejard, /. 0. R 18 S 6 . 193. ^ Jouve, C. 99. i. i'2'2, 

s Bamberger, Landsiedl, tl 03. ii. 56. 

* For tbeories as to its origin in tbe animal body cf. Fppiuger, 0. 05. ii. 151. 
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iuul iurjnoniu. I'ho of this chanijjo hns beon oxaiiiiiUHl with somewhat 

liiiexpeoto^l n'Milis by I-awsilL’ lie detc-rinlned the extent to which the reaction 
hasi. pr<jc<ir<le<i ])y lit rating ihe lifiukl with acid and methyl orange, which 
iiieasur<‘d ilu- anuuonhi produced. Aceoij^ling to the equations usually given: — 
<:0(NIi,b 4- 2ILC1 -4 11,6 = 2Nir.Ci -t- CO., 

(J()(My, -! SKaOII = Na,CO. 4 2NIT,," 

\vt- should ('xp(‘ci th<^ nsnetiou in both cases to ])e of the tliird order, wiiere llie 
initial ^‘onceiitratioii of acid or alkali was that required by this equation. But 
ox[)(u*iinent sliowed that in ])otii cases it was of the first order. Where acid 
was use<l. It was fimnd that its concentration had little infiiience on the velocity, 
miles-, it was great, when tlie velocity was somewliat diminished. With alkalies, 
an incrt'nse in concentration somewhat increased the velocity. 

The results obtained witli acid can lie explained as follows. We know from 
Walkan* and Ilambly’s work that urea changes in aqueous solution into ammonium 
c^’anate, though this change stops when a])Oiit 5 per cent, of the urea has gone 
over. Now aniinonium cyanaie was found to be very rapidly saponified by acid 
to amiuenia and carbon dioxide. If, therefore, we suppose that the direct 
saponificai ion of the urea docs not occur at all, or only slowly, we shall have 
the urea changing over into cyanate. and this decomposing almost as fast as it 
is fornnul. In this case, as long as the concentration of acid is sufficient to 
prevent iln^ accumulation of cyanate, and thereby to stop the back action, it will 
not aOect th<‘ velocity, which will be that of the tautomeric change, and will be 
proportional to the aanount of ureii present. We shall thus get the values 
n 'quirt'd for a inonoiuolocuhir reaction, as is found to ])e the case. The diminu- 
tion of velocity product^d by a large quantity of acid is due to the conversion of 
part of tlie unxi into its »salt, w'hicli does not nnclergo the change into ammonium 
cyanat(', and is thus withdrawn from ihe reaction. This view is confirmed by 
the fact that the initial velocit}' (when there is practically no cyanate present) 
of disappearance' of urea is nearly ihe same in pure wattjr as when acid is added, 
and that it lias the sann^ tenix)<*rature coofiicienfc. 

With alkali the ca.se is different. The deconij)osiiion of the cyanate by 
alkali is nundi sloAV(‘r than by acid, an<l hence this jn-oduct accumulates in the 
solution ; while at ilie same time, especially if the alkali is strong, a certain 
amount of <iirect saponification of the urea takes jdace. 

Tlu' alkyl urejis exhibit tlu' same phenomena, but in this case th(^ formation 
of (yanai<‘ is inor<‘ rapid, and a larger amount of this accumulates, so that the 
r< ‘Suits an' n\)r<i <*oin]>Iicated. 

When uH'a is strongly heated, it breaks iij> with the formation of ammonia, 
carbon dioxide, biund. :ind oyauuric acid: — 

L> CO(NrL).> - NlIrCO iSTI.aONn, 4- NIL;, 
c6(Nn,), - 1IN:C0 4- NIB: 

the cyanic acid formed in the latter case polymerizing to cyanuric. 

If it is heated with potash it forms mainly potassium cyanate. 

If urea nitrate, CO{Nir,).,*HNO.;, is treated with concentrated suljfiiuric acid, 
it gives nitro-urea, NII,'CO*NII*NO,, an acid stronger than acetic ackl (no doubt 
> P/u c/i. 41 . 601 ( 1002 " ; J, C. S, 1904. 15Si ; 1905. 494. 
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having the iso-nitro form); which on reduction yields amino-urea or semi- 
carbazide NHg-CO-NH-lSrHa. 

When treated with sodium nitrite or sodium hypobromite it is oxidized to 
carbon dioxide and nitrogen. Both of these reactions are used for the quantita- 
tive estimation of urea, the evolved nitrogen being measured directly. It is to 
be observed that whereas with hypobromite the nitrogen evolved is that which 
was contained in the urea : — 

3 NaOBr + == CO.3 + ^2 + 2 H2O + 3 NaBr, 

twice this quantity is obtained by the other method, one half coming from the 
urea and the other half from the nitrous acid : — 

C 0 (]N[H 2)2 + 2 HO-NO = CO2 + 2 No + 3 H2O. 

Sodium hypobromite or hypochlorite is also able to act on urea in another 
way,^ in accordance with the Hofmann reaction. Urea is an amide, and can 
therefore give with hypochlorite the corresponding amine and carbon dioxide. 
The amine formed in this case is hydrazine : — 

H2N.C::::0 HsN-C-ONa ^ CLC-ONa fcO CO2 

NH2 Cl-N H2N.N H2N.N + H2N.NH2* 

The amount of hydrazine formed is very small, as it is further oxidized to 
nitrogen by the excess of hypochlorite. This can to some extent be prevented, 
and the yield increased, by adding to the solution benzaldehyde, which removes 
the hydrazine as the comparatively stable benzal-azine 

When treated with chlorine in aqueous solution, urea is converted into 
a symmetrical dichloro-derivative, CO{NHCl)2. This body is broken up by acids 
with formation of nitrogen chloride, NCI3, and is converted by ammonia into 
the so-called diurea or para-urazine. This last reaction probably takes place 
through the intermediate formation of monochloro-urea ^ = 

^NHCl ^NHa 

CO CO : 

>NHC1 

/-NHOl 

CO + ^00 = CO CO + 2HC1. 

CINH/ 

jp-Urazine. 


The alkyl derivatives of urea can be made in various ways : — 

1 . By Wohler’s method, using mono- or di-alkyl ammoniui^ cyanate ; the 
di-derivatives so formed are of course unsymmetricaL 

2 . The isocyanic esters give with ammonia monalkyl ureas, with primary 
and secondary amines symmetrical di- and tri-alkyl ureas : — 


C^N-CgHg ^ H-NHCHg 


/■NHC2H5 

= C=0 

XNH-CHs 


^ Schestakow, C, 05. i. 1227. 

2 Chattaway, Chem. News, 98. 166 (1908) ; J. C. S. 1909. 235. Of. Ghatfcaway, Wiinscli, J. C. S. 
1909. 129. 
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3. Tlie tetra-alkyl derivatives may be obtained by the action of cai’bonyl 
chloride on secondary amines. 

Those derivatives which no loirger contain an NHj group can generally he 
distilled unchanged. Those which contain^ an NH group yield with nitrous acid 
nitroso-compouuds, which on reduction give semicarbazide derivatives : — 


/NII-CH., 

C=0 

\nh. 


/^\CH /^\Ch' 

c^o ■■ c=0 

\isriL \nh, 


It is interesting to observe that mono-phenyl urea, owing to the negative 
influence of the phenyl group, will not combine with nitric acid. 


/NH-ON 

Cyan-urea, 0=0 , is obtained by treating cyan-guanidine (a polymeriza- 

tif>n product of cyanamide) with baryta: — 


/NH-ON /-NH-CN 

C=NH + H,0 = C^O + NH 3 . 

\NIL 

Like nitro-urea it is a strong acid, which expels carbon dioxide from carbonates. 
When warmed with mineral acids it takes up one molecule of water to form the 
corresponding amide biuret, 

/NII-CO-NH., 

C=0 


Biuret gives a pink coloxir when treated with copper sulphate and alkali: 
this is the so-called biuret reaction which is used as a test for urea and certain 
amides, such as the polypeptides. It is due to the formation of a copper 
derivative, in which one of the hydrogen atoms of an ]SfH 2 gi’oup is replaced 
by copperd 

The tautomeric form of urea, , the so-called iso-urea, is not 

ktiown in the free state, btit only in certain derivatives. Its methyl ether, 

, is obtained in the form of its hydrochloride when hydrochloric 

acid is passed into a solution of cyanamide in methyl alcohol. If this hydro- 
chlox'ide is heated in a<iueous solution, it breaks up into methyl chloride and 
urea." In the analogous case of the 0-ethers of the dialkyl-ureas, tlie velocity 
of the reaction, 

= Alk,N-C<^®^ + CH;A 

luis 1 )een measured ’ ; and it has been shown that it is probably the undissociated 
hydrochloride which reacts, and not its ions. 


• Cf. ScHff, Ann. 389. 236 (1897). 
s Stieglitz, M'Kee, JBer. 33. 15X7 (1900). 

» M'Kee, Am. Ch. J. 42. 1 (C. 09. ii. 1126). 
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THIO-UEEAS 

In considering the constitution of the amides it was pointed out that while 
there is some evidence that they can react in accordance with the isoamide 

formula must in general he regarded as having the true 

amide structure E-C<^ 0 ^^ . But in the case of the thio-amides there was much 

stronger evidence for believing that they had the constitution • 

Precisely similar relations hold in the case of the carbonic acid derivatives. 
Urea itself behaves in accordance with the formula there is very 

little reason for adopting the iso-formula But thio-urea frequently 

reacts as if it had the formula ; and though we cannot be certain 

that the free substance possesses this structure, it must at least be able to 
assume it in many reactions. 

Thio-urea is prepared like urea, by heating ammonium thiocyanate. The 
change occurs much less readily than in the case of urea, and the proportion of 
thio-urea present at equilibrium is very much smaller. In order to bring about 
the change at all rapidly, the dry salt must be heated to 160-170°, and at this 
temperature equilibrium is reached after about an hour, the amount of thio-urea 
formed being only 25 per cent. The reaction has been examined by Eeynolds 
and Werner,^ and more satisfactorily by Findlay.® Findlay has determined the 
freezing-point curve for mixtures of thio-urea and ammonium thiocyanate, and 
the proportions in the liquid at equilibrium. Ammonium thiocyanate melts at 
149°, and thio-urea at a temperature above 177°, which cannot be exactly 
determined owing to the tautomeric change. The freezing-point curve has the 
usual form (like that- of the benzaldoximes), consisting of two branches meeting 
at a eutectic point (SS^per cent, thio-urea) at 104*3°. The liquid at equilibrium 
contains 25 per cent, thio-urea, independent of the temperature, showing that 
the conversion of one form into the other is not accompanied by any appreciable 
heat effect. This line cuts the thiocyanate branch of the curve at 114-115°, 
indicating that this is the natural freezing-point, and that the thiocyanate is the 
stable form. From the fact that the proportions at equilibrium correspond to 
a compound CS(NH 2 ) 2-3 NH 4 CNS, Eeynolds and Werner assumed that such 
a compound was formed ; but Findlay has been unable to discover my indications 
of its existence. ' 

The velocity of the change in the fused substance has been measured by 
Waddell, who removed portions from time to time and titrated them with 
silver. He finds the reaction under these conditions (where the ionization is of 
course very small) to be monomolecular in both directions. « 

In aqueous solution, ammonium thiocyanate has even less tendency to go 
over into thio-urea than it has in the case of the melted salt. Dutoit and 
Gagnaux^ find that at 140--170° a decinormal solution of ammonium thiocyanate 

1 J. C. 8. 1903 . 1. 2 lb. 1904 . 403. ^ Chem. 2. 525 (1898), 

^ J, CMm. l%ys. 4. 268 (C. 06 . ii. 675). 
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fom'iB no urea at all, while the reverse change is complete. This latter change 
(of thio-iirea into the thiocyanate) was found to be monomolecular, like that of 
urea into aminonimu cyanate, and to be retarded by the presence of soda but 
liasiencHl by that of sulphuric acid. 

Thio-urca can also be obtained from cyanamidc by the action of hydrogen 
sulphide^ in the proseiieo of a little ammonia: — 

IIsN-CSN + H^S = 


Thio-urea is a crystalline substance, which melts if rapidly heated at about 
172° ; its true melting-point cannot be determined, owing to the tautomeric 
change. It sublimes in vacuo at 160° condensing as ammonium thiocyanate. 
It forms a comparatively stable salt with hydrochloric acidd Its aqueous 
solution i-eacts with mercuric oxide in the cold to give cyanamide. If it is 
tn^ated with cold x>ermanganate solution, it is converted into urea. When 
oxidized in acid solution it gives salts of an unstable disulphide 


H.N-C-S-S-C-NH. 
li 11 
NH hTH 


This reaction is a strong argument in 


favour of the formula . 


Tlie alkyl derivatives of thio-urea are of two kinds, one having the alkyl 
attached to sulphur, and the other to nitrogen. The mono-, di-, and tri-N-esfcers 
may be regarded as derived from either pseudo-form ; the S-esters must of course 
be derived from the imide (iso-) structure. 

The N-esiers ai’e obtained by the action of ammonia or amines on the 
isothiocyanic esters or mustard oils : — 

S=C=N-C2H, + HsN-GH, = 


It is found that in this reaction the same product is formed from the methyl 
ester and ethylamine. This has been used as an argument against the imide 
formula, but it is not of much force. If the body contained an SH group, we 

should ox|Kict ethyl isothiocyanate and methylamine to give 

while the methyl ester and ethylamine should give But 

tliese bodies, differing only in the position of a hydrogen atom, would obviously 
change into one another with the utmost ease. 

Symmetrical diplranyl-thio-urea (thiocarbanilide) is readily obtained by the 
action of car^i bisulphide on aniline : — 



This reaction is characteristic of the aromatic amines, the fatty (and under 
certain conditions the aromatic also : see p, 18S) giving salts of dithiocarbamic 
acid. 

The preparation of thiocarbanilide requires several hours boiling ; but it may 
be much shortened by the addition of certain catalytic agents. For this purpose 

1 X <7. B. 1902. n- 
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powdered potash is sometimes used : or a few grams of sulphur may be dissolved 
in the carbon bisulphide, when the reaction is complete in about an hour. 
Hydrogen peroxide has a similar eifect.^ The reaction fails unexpectedly in the 
case of certain amines ; but no regularities in this have been observed. 

/NH*C H X. 

The mixed symmetrical di-derivatives of thio-urea of the type 

when heated are partially converted by a reversible reaction into a mixture of 
the two simple di-derivatives SC(NH^)2 and SC(NH-C6H4X)2 (where X = CHm, 
NO2, &c.). This is obviously due to their breaking up into amine and mustard 
oil, which then recombine.® 

The N-substituted tliio-ureas on treatment with mercuric oxide behave 
differently according as they do or do not contain an intact NH2 group. If they 
do, they lose hydrogen sulphide and form cyanamide derivatives 

If they do not, they merely have the sulphur replaced by oxygen. Thus 
thiocarbanilide when boiled with mercuric oxide in alcoholic solution gives 
carbanilide or symmetrical diphenyl-urea: — 

+ HgO - 0=C<™^ + HgS. 

It is, however, possible to bring about a change of the first kind, the removal 
of hydrogen sulphide, with thiocarbanilide, by boiling it in benzene solution 
with mercuric oxide. The product is then a derivative of the pseudo-form of 
cyanamide, carbodiimide : — 


The S-derivatives of thio-urea are obtained as hydriodides by treating thio- 
urea with alkyl iodide : — 

On treatment with alkali or silver oxide the free thioether is obtained. It is 
a strongly basic substance, whose structure is shown by its giving a mercaptan 
on saponification, and a sulphonic acid on oxidation. 

The formation of these S-derivatives, which are known as pseudo-thio-ureas, 
is an argument in favour of the imide formula of thio-urea. Similar compounds ^ 
are produced by the action of the esters of chlorocarbonic acid, or of acid 

^ ^NH 

chlorides, on thio-urea. Thus acetyl chloride gives a compound (X^W-CHs. 

These bodies are somewhat unstable, and if their hydrochlorides are heated, 
the acyl group migrates to the nitrogen, giving an acyl thio-urea, such as 

/NHCOCH3 

C=S 


1 V. Braun, Besclike, JSer. 39 . 4369 ( 1906 ). ^ HugersHoff, Ber. 36 . 1138 ( 1903 ). 

3 A. E. Dixon, Hawthorne, J, C. B. 1907 . 122 . 
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'rh<‘ d<*rivaiiv<‘s ol' Cftrhodimidc. the diimide of car])omc acid HN— C—NH, are 
not of iiHport.-uico. ''.PhiB ionnula is tautomeric with that of eyanamide, 

;uid iliororoi*(‘ ils(‘ moiialkyl cyauamides might be supposed to be niono-substitu- 
ti^»u products of carlxxliimide. The evidence, however, is in favour of the true 
anaiuid.<j foi'inuhi jbr those compounds, which will therefore bo dealt with 
among the cyanogiui <lerivatives. 

ihil there a few bodies which undoubtedly possess this structure. One 
of ihi>s(t has just l^een mentioned, and it is typical of the class. They are 
i'oniic<I, blit only in certain cases, by the action of mercuric oxide on sym- 
metrical cii ‘derivatives of thio-urea. Thus dipropyl urea yields the compound 
< '.dlYN— C~XC’ This is the only known alkyl-carbodiimide ; and in the 
anmiatic series only a few have been prepared. The diphenyl compound 
0(“N<p)o, oldained from thiocarbanilide, can be distilled under 31 mm. pressure 
at 218^ The distillate forms a glassy mass which, by treatment with boiling 
ligroin, can be divided into two parts, a soluble oil and an insoluble x)owder 
inf'lting at loS-lOO*^. These two substances have the same composition, and 
thc-ir cluunica] beliaviour is identical. They are possibly stereoisomers, since 
tlu* body contains two N~“C groups. 

This suljstance is characterized, as one would expect, by a strong tendency 
to ibnii addition'Comi>oiinds. When treated with alcohol and hydrochloric acid 
it tiikcs uji water to give carbanilidc CO(NH0)o. It combines with hydrogen 
sulpliide at. the ordinary t.empcrature to give thiocarbanilide, with aniline to 
give triidnmyl-guanidine : — 

- c-xn0: 


and with <'arbon bisuljdiido at 140° to give idienyl mustard oil (isothiocyanate): — 
With ])in*nol and nitrophonol it forms an ether of iso-urea: — 

3iui it is remarkable that 2,4-dinitrophenol and picric acid add on in a different 
way, forming a normal urea derivative^: — 

i II0-C,IL(X0,)3 ^ c=0 ^ 


111 all thes<j reactions carbodiphenyi-imide shows a close analogy to an iso- 
cyanate, both containing the gToiip ^C=X-Ar ; and this analogy extends to 
their polymerization j)roducts, the diimide giving a melamine, i. e. a derivative 
of ;tihe amide of cyanuric acid. 


^ BuHch, Blume, Bungs, J. pr. (Jh. [2] *79. 513 (1909). 
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GUANIDINE DEEIVATIYES 

/NHs 

Guanidine, C=NH , is the amidine of carhamic acid. The name was given 
\NH2 

to it hy its discoverer, Strecker, who prepared it in 1861 from guanine, a 
naturally occurring substance of the uric acid group. 

Its constitution is shown by a variety of syntheses. It is formed by the 
action of ammonia on carbonyl chloride, orthocarbonie ester 0(002115)4, chloro- 
picrin OOI3NO2, or cyanogen iodide. One method of preparation which illus- 
trates its structure peculiarly well is by heating an alcoholic solution of 
cyanamide with ammonium chloride : — 

+ NH3 - 0=NH . 

The method adopted in practice for preparing guanidine is to heat ammonium 
thiocyanate to 180-185° for twenty hours, when ammonium trithiocarbonate, 
(NH4)20S3, sublimes, and nearly pure guanidine thiocyanate remains behind. 
The reaction probably proceeds in several stages. Thio-urea is first formed, and 
this breaks up at the high temperature into hydrogen sulphide and cyanamide. 
The latter combines with ammonium thiocyanate to form guanidine thiocyanate : — 

yNH2 

+ NH4CNS = C=NH-HCNS, 

while the hydrogen sulphide combines with more ammonium thiocyanate to 
give the trithiocarbonate : — 

NH4-S-C=N + 2 HaS = NH4-S-C-S-NH4. 

S 

Free guanidine is a colourless mass, strongly basic and very caustic. It 
deliquesces in the air, and rapidly absorbs carbon dioxide from it. It forms 
stable salts with one equivalent of acid, which are mostly soluble, except the 
nitrate, which, like urea nitrate, is comparatively insoluble. 

As the imide of urea it is converted into urea on treatment with baryta. 

If its hydrochloride is heated to 180° it gives off ammonia and forms 
biguanide (corresponding to biuret) : — 

Q^NH /NHg 

XNHa C=]SrH 

= )NH + NHj. 

/NHa C=]SrH 

C^NH XNHg 

On treatment with fuming nitric acid guanidine is converted into nitro- 
/NH-NOj 

guanidine, C=NH , a feebly acid substance which can be reduced first to 
XnHo 

/NHNH2 

nitroso- and then to amino-guanidine, C^NH . This substance when 



liU Carbonic Acid IJcrivafives' 

with nitrons aekl yioWs the azide: — 

/N 

4 IIO-NO /^\n 

== C- NII + 2 H..0 . 

' NIL NNIL 

111 afcordaiicf* with thi.s formula it breaks up when treated with alkali into 
t y:irjani]..l(* and h^alrazoie acid 

Tin* substituted (alkyl or aryl) guanidines may be obtained by acting on 
cyansunide with amino hydrochlorides instead of ammonium chloride. Sym- 
meirical triplumyl guanidine, ^N:C{NH^)2j is formed as a by-product in many 
reactions in wdiicli the main product is symmetrical diphenyl urea or a similar 
stibstance. Tims it is formed in the preparation of thiocarbanilide : — 

/NH^ /NH^6 

C=^S + = IIoS -f . 

■ " \NH9i 

lliere are two guanidine derivatives which are of great physiological im- 
liortanee, creatin and creatinin. Creatin occurs in the muscles of mammalia, 
a full-grown man eoniaining about 00 grams. It can be synthesized by the . 
action of sareo.sin (mothyl-amino-acetic acid) on cyanamide, whereby its formula 
is established 

/OH, 

.. /N~CH2*C0-0H 

CHjNH-CIIo CO OH - C=NH 
'IS XI. xNHg 

On boiling witli %vater, especially in presence of acids, it loses water and goes 
<iver into its cyclic amide, creatinin 

/N{CH,)-CH2 
C=NH j , 

\NH CO 

a substance which occurs to a small extent in urine. 
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CYANOGEN COMPOUNDS 


The derivatives of cyanogen may be classified as follows : — 

I. The cyanides and isocyanides, E-C=N and or E~N=^C. 

II. The compounds containing the group -(CNO). Of this group four 
isomeric arrangements are possible, and representatives of all of them are 
actually known : — 

1. The cyanates E-0-C=N. 

2. The isocyanates E-]S[=C=0. 

3. The fulminates, E-O-N^C, which are the esters of the oxime of carbon 
monoxide. 

4. The nitrile-oxides ^ * 


In the first two of these groups the oxygen may be replaced by sulphur, 
giving the thiocyanates, E~S“C=]Sr, and the isothiocyanates or mustard oils, 


E~N=C=S. 


III. The tricyanogen derivatives. All the above-mentioned classes of com- 
pounds readily form triple polymers containing the so-called tricyanogen ring 



The first of the cyanogen compounds to be prepared was Prussian blue, 
which was discovered by Diesbach at the beginning of the eighteenth century ; 
but our real knowledge of their constitution dates from the work of Gay-Lussac 
in 1815. Gay-Lussac showed that these bodies contain a radical composed of 
carbon and nitrogen, which plays the part of an element. This radical, which 
may be written -C=N, -N^C, or resembles the halogens, especially in 

forming a hydracid, and in the fact that the molecule of the free substance 
consists of two such groups joined together, CN-GN being analogous to Cl-Cl. 


CYANOGEN (GN)^. " ^ 

Cyanogen is generally said to be formed by passing the electric arc between 
carbon poles in an atmosphere of nitrogen. It has however been shown that it 
cannot be prepared in this way. It follows from Nernst’s theorem that a con- 
siderable percentage of cyanogen must be formed at a temperature of 8,500°, but 
it is apparently all decomposed in passing out of the arc.^ It is usually prepare 
by heating mercuric cyanide, by which method it was first obtained by Gay- 
Lussac in 1815. Another method of making it is by the action of potassium 

1 Berthelot, C. JK. 144 . 354 (1907) ; Wallis, Ann, 346 . 358 (1907) ; Wartenberg, Z, an, C7i, 
sa. 299 (0. 07 . a. 800). 
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vyiiiuilo. on ropjH-r sulplniin in soiulioii. Cupric cyuiude, or a double compound 
of* ihis with poiassiiuu cyanido, is first formed ; but on heating the solution this- 
hn‘;dv^ up inlo eiiprous eyanido and cyanogeii wiiicli is evolved. It is also 
conialiU'd izi gas, .along witJi prussic acid, in sulliciont quantity to supply 
ilio wiiolo <*ommorcial d<*mand for cyanogcm compounds; and a proposal has 
boon nuulo ' to utilizti iiiis source by passing the gas through a mixture of 
a iornuis <ait and when the cyanogen is obtained as calcium ferrocyanide. 

li has 1‘uri her liomi proposed to make It on t he large scale by passing nitrogen ove'r 
inm t*ov<‘rod with coki' (and therefore saturated with carbon) at 1,500-1,800° - 
'riiero aro tares* possible formulae for cyanogen : — 

(;=N N:=:C 0~N 

’ NzziC ' N 1--0 * 

(Vauogen is the only known substance of tin* molecular formula C 2 II 21 
prov(‘fl i.o hav<i the lirst of these structures by its formation from ammonium 
oxalate or oxamide on trentmemt with phosphorus pentoxide : — 

0-C-NIL, C=N 

O- G-NH. - " "" C=n' 

and fnuu giyoxime (the oxime of glyoxal) on treatment with acetic anhydride: — 

H C-KOn C=N 

! - L> IL>0 - 1 

II-C- Mm “ C=N 

Both of llu'Sii reactions sIkav that the two carbon atoms are linked together, 

< 'yanog<m is a colourless gas of a peculiar smell ; it boils at -20*7° and melts 
at -M*!''. It is oxtremeiy poisonous. It is very sta])le to heat, not being 
afVecie<l even ui. 800 : above that temperature it slcAviy breaks up. Liquid 
cyaiK'gen has a very low electric conductivity, and practically no dissociating 
power.'' Byauogon gas burns with a characteristic jiurple-mantled flame. One 
voltime of water dissolves four volumes of the gas. one volume of alcohol 
twenty’'- throe.'' If ihe salnrai(id aziuoous solution is left in contact with the gas, 
it continues to absorb itslowl}', as cyanogen is unsta]>le in solution, and at once 
begins to det'ornposo, depositing a ]>rown amorphous mass known as azulmic 
acid, while tlio solution contains ammonium oxalate, ammonium carbonate, 
prussic acid, and urea. 

As thr nitrile of oxaiii* acid cyanogen is saponified by fuming hydrochloric 
iKud or hy hydn>gon peroxide* to oxanihle ; and like chlorine it is absorbed by 
a<iueous potasli to give a mixiur<i of the cyanide and cyanate: — 

‘ (ON), + 2KOn - KCN + KONG + HgO. 

In the presence of a trace of sodium ethylate, cj^anogen is able to add itself 
on to compounds containing an acidic methylene group.’’ Thus with acetoacetic 
ester it gives at low temperatures a body 

CII.-COCII-COOEt 

c^mi , 

C=N 

i Feld, Nauss, C. 03. i. 2^ t. “ Eriwein, 0. OS. ii. 273, 

3 Centiierszwer, Z. Ph. Ch. 39. 217 (1901). Berthelot, 0. 04. ii. 428. 

^ W. Traube, 31. 193, 2938 (1398). 
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while at higher temperatures one molecule of cyanogen reacts with two 
molecules of the methylene compound, giving bodies of the type 

E-CH--E 
C=NH 
C=NH ‘ 

E-CH-E 

Paracyanogen, a polymer of cyanogen of unknown molecular weight, is 
formed as a by-product in the preparation of cyanogen by heating mercuric 
cyanide, and is the form in which the whole of the cyanogen is obtained when 
an aqueous solution of potassium cyanide is electrolysed. It is a brown 
amorphous insoluble powder, which is reconverted into cyanogen gas at 860°. 

HYDEOCYANIC ACID 

The simplest derivative of cyanogen is hydrocyanic or prussic acid, whose 
formula is either H-C=]S[ or It is a tautomeric substance : that is 

to say it gives rise to derivatives of both forms. It is an extremely complicated 
question which of these two formulae is to be adopted for the acid and for its 
salts ; and as its solution depends on a comparison of their properties with 
those of the organic derivatives — the nitriles and the isocyanides — the discussion 
will be deferred until these bodies have been considered. 

Prussic acid occurs in nature in the glucoside amygdalin, which is contained 
in bitter almonds, and when it is hydrolysed — ^which can be done by means of 
a ferment also contained in the almonds — splits up into prussic acid, benz- 
aldehyde, and sugar. In the free state it is found in the tree Fangium cdule 
which grows in Java. All parts of this tree contain free prussic acid, but 
particularly the seeds ; and it is calculated that a full-grown tree contains at 
least 350 grams. 

It has recently been shown ^ that prussic acid is much more widely distri- 
buted in the vegetable world than had previously been supposed, occurring 
mainly in the form of glucosides. There is some reason to think that it may be 
produced by the action of the carbohydrates on the inorganic nitrates, whose 
presence can often be detected in those plants which yield prussic acid.® 

Prussic acid was discovered by Scheele in 1782, and was first obtained in 
ihe anhydrous state by Gay-Lussac in 1811. It is formed by the combination 
of hydrogen and cyanogen at high temperatures, or under the influence of 
the silent electric discharge ; or by passing sparks through ^ mixture of 
nitrogen or ammonia and acetylene, or of carbon monoxide, nitrogen, and 
hydrogen.® It can also be made^ by passing a carefully dried mixture of 
hydrogen, ammonia, and a volatile carbon compound (such as carbon monoxide, 

m 

^ Arragon, Guignard, (7. 06 . ii. 1849 ; cf. Greshojd*, Arch, der Pharm, 244 . 397 (1906 
Gonperot, 0. 09 . i. 387. 

2 KaYenna, Peli, 0. 08. i. 654 ; cf. Plimmer, C, OS, i. 357* 

® Gruszkiewicz, Z.f, lElcktrochem, 9 . 83 (0. 03 . i. 494) ; Hoyermann, C. 02 , i. 525 ; Briner, 
Barand, J. Ghwi, Phys. 7, 1 (G. 09 . i. 1453). 

^ Woltereok, G, 04 . i. 1306. 
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Cii;r])ou iVioxhU^, JiaoLyleno, or the vapour of aicoliol or petroleum) over lieatecl 
plaiini/o<l puinit^e ; and this motliod lias been used for making it on the large 
scale. It is formed when ammonia comes in contact with red-hot carbon, as 
in tlie injiniifaclure of coal-gas, the conversion being complete at 1300°; and 
]>y tlu‘ iiotion of a high temporaturo on many nitrogenous substances containing 
carbon: thus it has IxKm found ^ in cigar smoke to the extent of one milligram 
to ev<‘ry 4 or o (Austrian) cigars. Its salts are produced when organic 
niirogonous substances are raised to a high temperature in contact with 
potassium or sodium, or when metallic nitrates are heated with charcoal in 
closed vessels.- It is also formed from many phenols (especially nitrophenols) 
and sinular compounds by boiling with dilute nitric acid.'* 

Prussic acid is usually prepared by the action of dilute sulphuric acid on 
potassium ferrocyanide : — 

31LSOt + 2K,FeCy,. - 3 ICSO.^ + K^Fe-FeCyc + 6 HGK 

It is also produced by the dry distillation of ammonium formate ; — 

= 2 n,0 + H-C=N, 

whi(‘h has lieeri used as an argument for the nitrile formula : and by the action 
id' chloi’oform and ammonia on alcoholic potash : — 

cnci;. h mi. + 3KOII = + SKCI + SHsO, 

whicli is an e(pially weak argument in favour of the isocyanide formula. 

Hydrocyanic acid is a colourless liquid with a smell like bitter almonds. 
It is rcniarkaldo that diilerent people differ more in their power of detecting 
tJiis smell than an}' other. It burns with a violet flame. It is one of the 
most powerful of ])oisons ; the best antidote to it is either hydrogen peroxide, 
or inhaling air containing chlorine. 

Li<pnd prussic acid has a very high dielectric constant,'^ higher indeed 
(■han that of wai<.‘r ; in this it rosombies the nitriles, foi* which also the values 
of this constant are high, though not vSo high. It also, as we should expect 
from this, has a lugli dissociating power ; and some salts, vSuch as potassium 
iodi<I(}, conduct better in prussic acid than in water. Cryoscopic measurements 
luiv<} also shown that these salts are j^racticaliy completely dissociated in this 
solvent, while acids (such as trichloracetic and suli>huric) give normal values and 
appear not to dissociate at all.'* 

It has ))ocn shown by Hef ” tliat anhydrous prussic acid as usually prepared 
contains a small <pi<Iutity of ammonium cyanide, by which its properties aro 
sensibly modined. If tiio liquid is allowed to stand over phosphorus i)entoxide, 
and then distilled through tubes containing phosphorus pentoxide and warmed 
to 40-50° a pure acid is obtained. This boils at 25°, and solidifies on cooling 
to a colourless crystalline mass melting at —10° to —12° When completely 

^ Habermann, C\ 03. i. 58. 2 Miillcr, C. 08- i. 13^13. 

‘‘ Seyewetz, Poizat, O. JL 148. 286, 1110 ; JhilL Soc, [4] 5. 489 (C. 09. i. 997). 

4 Schlundt, /. l>/iys. (Viem, 5. 157 (C. 01. i. 1135). 

® Centnerszwer, Z, €h. 39. 220 (1901) ; Kahlenberg, Schlundt, J. Vhys, Chem. 6. 447 
(C. 03. i. 1). 

® Lespieau, C. U, 140, 855 (1905), 


Ann. 28^7. 327 (1895), 
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purified in this way prussic acid is an extraordinarily stable substance. It may 
be kept for months in sealed tubes without change, and it is not acted on at — 10® 
by chlorine, hydrochloric acid, or ethyl hypochlorite. If the acid contains traces 
of impurity, such as water or potassium cyanide, it rapidly turns brown, 
forming the so-called azulmic compounds, about which very little is known. 
The aqueous solution rapidly decomposes, especially if exposed to light, forming 
a brown precipitate of azulmic acid, while ammonia, formic and oxalic acids, 
and other substances remain in solution. In the presence of a trace of mineral 
acid the aqueous solution is more stable. 

" On reduction prussic acid yields methylamine. If it is hydrolysed with 
concentrated aqueous hydrochloric acid it gives formamide, while an alcoholic 
solution of hydrochloric acid converts it into esters of formic acid. These 
reactions are equally consistent with either of the two formulae. 

It reacts with diazomethane, and according to v. Pechmann the product is- 
methyl cyanide : — 

+ H-C=I^ = CH3-C=N + 

This is commonly regarded as a strong argument for the nitrile formula, since 
diazomethane is a general reagent for replacing hydrogen by methyl, and 
especially since the reaction goes on at a low temperature. But it has recently 
been found that methyl isocyanide is formed at the same time, which destroys 
the force of this argument ; and indeed the nitrile itself is at least as likely to 
be formed from H-N=0, as will be shown later. 

Owing no doubt to its highly unsaturated character, prussic acid has a great 
power of forming addition-compounds. Thus it combines with hydrochloric 
acid in ethyl acetate solution, giving a body of the composition 2H0N*3H0L 
The formula of this substance has been shown to be 


It is dichlormethyl-formamidine hydrochloride. This is proved by its giving 
with alcohol formamidine : — 


and further by its reacting readily with benzene and aluminium chloride to 
give diphenyl-formamidine : — 


H-C<: 


:lirH 


+ 2 C„H« 




^NH-CHCls 

Hydrocyanic acid can also form a simpler compound with hydrochloric acid, 
imino-formyl chloride, ^^<^7 cannot be isolated, but its forma- 


tion is proved by Gattermann’s reaction for the synthesis of aldehydes.^ If an 
aromatic hydrocarbon or a phenol or a phenol ether is treated with prussic acid 
and hydrochloric acid, either alone, or in presence of a condensing agent such 
as zinc chloride or aluminium chloride, it is converted into an aldimine, from 


1 Ber, 31 . 1149, 1765 (1898); Ann. 347 (1906); 357 . 31S (1907). 
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whk-li llu' aldpliydft m fsnf.ily (.lilainod l>y lioatiii" W'iili dilute acid. This can 
only ))(• <-.\jdaiac(l liyi.hc inlenncdiate fonnation of th(' iinino-formyl chloride:— 




t'l-C- 


'Xn 

'll 


iici -I- (kiL-c: 


^NII 

ir 


-> XI!., -i 


/yO 


Pnissii- acid will <‘onibine with ahlohydes and ki'tones to form the so-called 
cyanhydriiiK, wliich an* really the nitriles of tlie a-oxy-acids: — 


(CH,,),,0^-0 -}- IICX 




A rorK'iioii which vory pi'ohahly (lopoiui-s on iho formation of a cyanhydrin 
is iho Ixmy.oiii synthesis. If honzaldehydo is heated in alcoholic solniion with 
a sinall quantity of ]>otnssium cyanide, it is converted into benzoin; — 
cfcQllO -I- OHO-9 - 9.CIIOII.CO-0. 

"Pile saane reaction occurs with many aromatic aldeliydos (including furfurol), but 
it <loGS not iaki^ jdace in the fatty scries. The action of the potassium cyanide 
is catalytic ; that is to say. it does not appear in llie equrdion, and a small 
4jiimuily of it can ede<*t a large amount of the reaction. Tlui dynamics of this 
eliangt‘ lia.vo lioen investigated by .Sternd Tiie reaction was carried out in 
s('uh‘d tiilHbSat dtr, in HO pt‘r cent, aqueous aleohoL In order to determine the 
enuount of tdiange aftm’ a given time, the ri^action was stopped by acidifying the 
solniion, ihe prussic acid and lienzaldeliyde were distilled olT with steam, and 
the l^enzoin was estimated witli Fehling's solution. It was found that with 
a cons! ant quantity of th<^ (*atalytic agent, the rate of formation of benzoin was 
pro]>ortional to the s<piare of the concentration of the lienzaldehyde, as we 
slmuld expect from th<? equation. If the amount of potassium cyanide is varied, 
the Iiimoiecailar constant values in proportion to it. Sodium or barium cyanide 
has praclically tiie same eifect as potassium cyanide; x)russic add itself does 
not bring about the synthesis at all. This sliows tJiat (he reaction depends on 
the cyanogen ion. This was finiher jiroved liy the fact that if silver or mercuric 
<‘yanido is add<Ml as well as potassium cyanide, tlie constant obtained is the 
same as that calculated for the exc<‘ss of potassium cyanide after subtracting 
the amount required for the complete formation of the double cyanide of 
potassium and silver or potassium and mercury ; in other words, the part of the 
cyanogen ion which has gone over into the complex ion has no influence. 

The reaction is hastened by increasing the ]»roportiou of water in the solvent. 

Various theories as to the mechanism of this r<*action have been suggested ; 
those which ascribe it citlier to prussic acid or to hydroxyl ion are shown by 
these oxporiinej|:its to bo untenable. It is certainly due to the potassium cyanide, 
or to the <?yanogon ion. The suggestion which best agrees with the hxets is that 
of Chfilanay and Knoevenagel.^ They supj>oso that three successive reactions 
take place ; — 

( 1 ) ■ 

^•C<g HCN = </> CH<gf , 

0 CH<2J -t- ^■C<J = KCN 4- 0-CHOH.CO-0. 


( 2 ) 

( 8 ) 


1 Z. JPh. Ok. 50, 513 (1905). 


“ Ber. 25. 295 (3892). 
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If we assume that reactions (1) and (2) are very rapid, and that the quantity of 
the intermediate products formed is very small, it can easOy be shown that the 
rate of formation of benzoin is proportional to the concentration of the potassium 
cyanide, and to the square of the concentration of the benzaldehyde. 

Prussic acid can add on to the grouping C~0, but with much less ease than 
to the grouping 0=0, and only in particular cases; whereas sulphurous acid 
combines with either of these groups with equal ease. An example is the 
formation of nitrile-acids from certain unsaturated acids: — 


(fHs 


CH 

CHGN 

11 + HCN 


CH 

9H2 

1 

COOH 

COOH 



As this reaction is greatly hastened by the presence of primary or secondary 
bases, it is probably due to the cyanogen ion.^ 

If an aqueous solution of prussic acid, containing a little potassium carbonate, 
is allowed to stand, it deposits azulmic acid ; and if it is now extracted with 
ether, the ether is found to contain a polymer of prussic acid. This substance 
on saponification with acid or alkali yields carbon dioxide, ammonia, and 
glycocolL It is, therefore, probably the nitrile of amino-malonic acid : — 

H-C=N 9OOH 

H-C=N = H-C-NH, -> H-C-NH, + 2 NH, -> + CO,. 

■\r 1 1 - I - - 

Jtl 


Salts of Fmssic Acid 

Prussic acid is a distinct acid, though a very weak one. Its dissociation 
constant (K — 0*0013 x 10”®) is less than a ten-thousandth of that of acetic acid 
(18*0 X 10“®). It turns litmus a dark red, and forms salts, which, however, are 
decomposed by carbonic acid. The salts of the alkalies and alkaline earths are 
soluble in water, have an alkaline reaction, and are stable even at a red heat. 
The salts of the heavy metals on the other hand are insoluble (except mercuric 
cyanide), are not decomposed by any but strong acids, and break up at a red 
heat into the metal and cyanogen. Mercuric cyanide has a remarkable behaviour, 
owing to the fact that while it is soluble in water it is not ionized to a perceptible 
extent, so that it is scarcely correct to call it a salt. Its solution does not 
conduct electricity, and does not give the ordinary tests for mercury or for a 
cyanide ; it gives no precipitate either with silver nitrate or ^ith alkali.^ 
The cyanides of the heavy metals all dissolve in potassium cyanide with the 
formation of double cyanides. Many of these double cyanides do not give the 
reactions either of cyanides or of the heavy metals which they contain. The 
ferro- and ferricyanides, for example, are scarcely poisonous : on treatment wil^i 
acids in the cold they liberate ferro- and ferricyanic acids, H^FeCyc and HgEeCyg ; 
and the iron is not precipitated by alkali or alkaline sulphide. Ail these facts 

1 Knoevenagel, JBer. SV. 4065 (1904). 

^ It is, however, capable under certain conditions of giving tests for these ions. See Hofmann, 
Wagner, J5er. 41. 317 (1908). Cf. Borelli, Gaz, 38 . i. 361 (O. 08 . ii. 288). 
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indicate tliat the iron is not present as cation but as part of the anion— of the 
csoinplex acid radical. Hence the ordinary tests for oyanioii and for ferro- and 
fcrri-ion fail, because the solution does not contain these ions (to a measurable 
extent), but only K* and FoCy^/" or FoCy,/^''. 

The double cyanide of potassium and silver, KAgGy^, is much used in 
coinnierco, being the only soluble silver compound which gives satisfactory 
results in silver plating. The reason for this is interesting. The only way to 
olitain an electrolytic de])osit of silver of the proper consistency is to employ 
a batli in which the concentration of silver ions is very small. This condition 
might be secured by using silver nitrate, if the solution were made sufficiently 
dilute; but since silver nitrate is practically completely dissociated, the con- 
centration would have to be almost infinitesimal, and this would cause the bath 
to have an enormous resistance and the electrolysis to go on very slowly. But 
potassium argonticyanido, when dissolved in water, breaks u]> almost entirely 
into the ions K* and AgCy/ ; while to an excessively small extent the latter 
dissociates further into Ag and CN'. It is therefore possible ])y using the 
doubh* cyani<lo to obtain a solution which conducts well, and contains a con- 
si<l<‘ra]>le /quantity of silver, and yet a very small concentration of silver ions. 
As fast as the silver is deposited a m\sh ^piantity of' silver ions is formed, so as 
to jU'oserve the e(puli]>rium ; and tlius tin* bath does not ])ecome exhausted. 

I fan alternating curnmt is passed through a potassium cyanide solution by 
means of (*o]>por electrcxles, the positive current carries copper ions into the 
solution ; these ions combine with the cyanion to form complex anions, from 
wliudi, tlK-reforo. the copper is not deposited by the reverse current ; so that the 
pules dissolve. But if the alternations of the current ai'O very rapid, tliere is not 
time for the copper ion to form the complex ion before the reverse current 
brings it out of solution again. By observing the rate of alternation at which 
the solution of the electrodes ceases, it is possiUe to determine the time required 
for the formation of the complex ion. This is naturally less the more con- 
c<‘ui rated the potassium cyanide ; it lies behveen aocoo second.^ 

Th(j r(‘acticnr botweeu potassium cyanide and hydrogen j^eroxido has been 
investigafed in detail by Onuo Masson,^ who has shown that it i>roceeds in two 
iiirccUous, First, tlui cyanide is oxidized to cyanate, and ibis is hydrolysed, 
nxider the catalytic influence of the peroxide, to ammonia and carbonic acid. 
At ti)o same time a paH of tlio cyanide is Ixydrolysed, ■without oxidation, to 
ammonia and formic acid. The rate of oxidation is proportional to the product 
of ihc3 concent rat ions 'of the ])eroxide and the cyanide. Tlio most remarkable 
fact is that tluf second reaction (the production of formate) always takes place to 
the same extent, one-flftli of Iho cyanide being hydrolyKsed in this %vay, while 
four-fifths are oxidized to cyanato. 

^ ^ Lo Blanc, Schick, Vh. Ck. 46. 213 (190*1) ; Le Blanc, jSlehfroahcnu 11. 705 (C. OS. ii. 
1619) ; Bob, Z. JSle/cirochfmt, 12, 79 (O. 06. i, 728). Cf. also Eucken, J?. Vh, Oh. 64. 562 (1908), 
who finds the velocity constant for the dissociation of the AgC\V ion to be greater than 7*5 x 10®° : 
that is, if the AgCy/ ions were maintained at normal concentration, in one second more than 
7*5 X 10®° gr. molecules would dissociate per litre. 

® /, 0. B. 190»r. 1449. 
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MTEILES 

Prussic acid, in accordance with its tautomeric character, gives rise to two 
classes of esters. The normal cyanides or nitriles are derived from the form 
H-C=N. They may be regarded either as hydrocarbons in which one hydrogen 
has been replaced by the monovalent CN group, or as acids in which the 
carboxyl group has been converted into CK Accordingly CH..-CN, for example, 
may be called methyl cyanide on the analogy of methyl chloride, CHo-Cl, or 
acetonitrile, after the acid into which it can be converted. 

The nitriles were discovered in 1834, when Pelouze obtained propionitrile 
by distilling barium ethyl sulphate with potassium cyanide. In 1847 Dumas 
prepared acetonitrile by the action of phosphorus pentoxide on ammonium 
acetate. Their reactions were investigated soon after this, mainly by Dumas 
and by Prankland and Kolbe, who showed that on hydrolysis they yield acids 
containing the same number of carbon atoms. This reaction establishes their 
constitution. 

Methods of formation 

1. From potassium cyanide and alkyl iodide. This generally requires the 
presence of a solvent. The alkyl iodide is dissolved in aqueous alcohol and the 
cyanide added. The reaction takes place either in the cold or on warming ; 
a certain amount of iso cyanide is formed at the same time. In some cases, as 
with tertiary butyl iodide, it is better instead of potassium cyanide to use the 
double cyanide of potassium and mercury. 

2. From the salts of the alkyl-sulphuric acids, by distillation with potassium 
cyanide. Here, too, a little isocyanide is generally formed as a by-product, but 
it can easily be destroyed by shaking with cold concentrated hydrochloric acid, 
which immediately hydrolyses the isocyanide, while it leaves the nitrile practically 
unaffected. 

3. From cyanogen chloride and zinc alkyl. 

4. By heating the isocyanides to about 250°, when they change over into 
nitriles. 

In all these reactions the carbon chain is lengthened; but there are also 
a series of methods of formation from the acids, i.e. without altering the carbon 
chain ; — 

1. By converting the acid into its amide, and treating this with a dehydrating 
agent : — 

The dehydrating agent usually employed is phosphorus pentoxide ; but in 
some cases it is found better to treat the amide in pyridine solution with 
carbonyl chloride.^ The carbonyl chloride seems to act only by removing the 
elements of water, and the pyridine facilitates the reaction by taking up i!h 0 
hydrochloric acid formed : — 

E-CO-NH^ + COCI 2 - K-CN + CO 2 + 2 HCl. 


^ Einhorn, Mettler, Ber, 35. 3647 (1902). 
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Tlia wliolo cliangf* Trom a(*i(I i<» niirILi may be earrietl cnii in oiio operation by 
ilistilling tlii) acid with potaBsium Ihiocyamilo: — 

OrL;aOOII HUNS -- CIIyOONIL UOS CH.-fUN ILS + CO^, 

2 . l>y di'<{iilinn ili<‘ ludds in ;i of ;iiii iiioiiiis Ihneiidi n n*<l-hot tube, 

'^riiis (‘Xplalns fsciMirnau'** «>{' niiribss in enlinal oi], iiud <ff na^toniiiile in 
c<nnm< n*ia,l luai/O-iK*. 

d. Fi'oni ila* al{lt‘liyd<*s />y (•miv<‘rsior iido aldoxlnn''^ aiul d<jhydratioii with 
acoiu' ;uihv<in<ln: - 

UIIy(ll:XOir - II,U -i 

Amdhar nu'ihod in* ^vbich an a<dd (^an be (‘oiivf*r[<'d into a nitrile — in this 
eu.s(* containing an atom <d‘ rarljon less — is iho Hofmann roaction. In this 
reacticai, as has already lusm exjdained, the af*i«l is f<mvori<'(l into it', amides and 
this is tiajalod with i)n>niiiie and potasin This nives primarily an amine with 
one ahnn of earlxm loss than the original aoi«l : ])iu if the amine so formed 
eontains more tliaii four cnr])oii at<nns, iini }»roinim‘ and ]>i)lash act on it further 
to oxidize it, removing hydrog<‘n, and forming n nitrile : - 

(VJIirUONIL. CJLrCllrSIL -> ('JH-rN. 

This last stag‘<» is n^'iily a reve*r<al of the Mendiiis reaetion, iii whieli a nitrile is 
rediie(‘d to a jjrimary amine. 

In ih<j cast* of the aromatic eompoumls, the <i]>ove methods re^piix'e to be 
somewhat motliiied. Clih>roiM*n/.ene will only n^act \viih ji>utassium cyanide 
above and hoiU'e this method is not nsually adop{('(I for preparing the 

nitrile. On the oilier hand benzoic acid, like acetic a(*id, readily yields its nitrile 
when ireai<?d wiili potassium or I'*ad tliioeyanaio ; and its amide does so on 
trcaitment with carhonyl chloride in tlui pr<‘S<‘nce of pyriditte. Hut tho simplest 
and most usual method in the aromatic siu-ies is one whieli is not available 
with iho fatty cimipounds: it con.n^ists in treating a diazo-compound with 
cuprous cyanide : — 

</>NX:N N. f fUN. 

Proper! h's 

The l<jw<‘r nitrik's are coiourh^ss volatile liquids of a nut unpk*as;uii, smell, 
whieli ar<' somewhat soluhlo in water. They an ' readily sa{>onirnMi by acids or 
alkalies to form ammonia and the c<irrespo!iding aeixL a reaction equally iiu- 
ixmiani from tin: theondical and from iiae pra('ti<‘al point of view. In the 
aroinatie series'-a st>mev/hat high temperature is retpiin^d to hring about the 
change. If the saponihcaiiou is carried out with an ahadiolic solution of hydro- 
chloric or sulphuric acid, the osier is produecni. 

Kaufler ^ has didenuined tiio velocity of hy<lroiysis of 2,7“diey:tu-na]>!ilhalcne, 
as an example of ilio occurrence of two successive simihir reactions. He deduces 
an expression for the amount of change, assuming each reaction to be mono- 
molecular. The dicyauidc was boated in amyl alcolioi solutioti with exee® of 
alcoholic potash, and a stream of air passed through ; tiio rate of reaction was 


1 Z. Ph. CK 55. 502 (JOOo*). 
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measured by the amount of ammonia evolved. The results agree fairly well 
with the theory, the ratio of the two reaction constants being about 6:1. 

In this saponification the triple link between the carbon and the nitrogen 
is completely broken : but there are many reactions in which it is only partially 
destroyed. Thus a nitrile can take up one molecule of water to form an amide. 
This may be brought about by heating it with water to 180^, or with alkaline 
hydrogen peroxide to 40°. In the latter case, as has been pointed out, oxygen 
is evolved, and the reaction appears to be due to nascent water : — 

E-CN + H 2 O 2 == E-GO-NHs -f O. 

There are many other analogous reactions. If heated with acids the nitriles 
form secondary amides, and w'ith acid anhydrides, tertiary amides : — 

CHa'ClS T Oxco-CHa “ ‘ 

Similarly with hydrogen sulphide they give thioamides. With hydrochloric 
acid they form imino-chlorides, or in alcoholic solution imiao-ethers : — 

CHy-CSN + HCl = 

With hydrobromic acid a different reaction occurs ; two molecules are taken up 
instead of one, and an amido-bromide is formed: — 

CHg.C=N + 2HBr = 

Bromine first substitutes in the alkyl group, and then the hydrobromic acid so 
produced adds on to form an imino-bromide : — 

+ Bra = CaHiBi-CSN + HBr = C 2 H 4 Br-C<^ . 

Nascent hydrogen converts the nitriles into amines (Mendius reaction). 
Hydroxylamine converts them into amidoximes : — 

CH3-C=N + H 2 NOH = 

This reaction goes i:)eculiarly easily when there are halogen atoms in the 

nitrile ^ : thus dichlor-acetonitrile forms CHCl 3 -C\^^^ . 

All these reactions are typical of an unsaturated body. They are additive 
reactions, and, as in all additive reactions, the molecule which is added on 
divides into two or more parts, which then satisfy one or two of the three links 
between the carbon and the nitrogen. The position which these groups take 
up is governed by the respective affinities of the carbon and* the nitrogen. 
Oxygen always tends to attach itself to carbon, and hydrogen to nitrogen. 

Another property which the nitriles share with all unsaturated bodies is the 
tendency to polymerize — that is, to form addition-products with themselves. 
These polymers can be formed by the combination of either two or thr^ 
molecules of the same or of different nitriles. The bimolecular compounds are 
indifferent substances ; the trimolecular are strongly basic. They are all formed 
by the action of sodium on the nitriles under different conditions. In ethereal 


^ Steinkopf, Eohrmann, Ber. 40. 1633 (1907). 
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solution the bimolecular polymers are obtained ; but on treatment with sodium 
in the absence of a solvent, or on heating with dry sodium ethylate to 140°, the 
cyanides of primaxy alcoholic radicals produce the basic tiimolecular polymers 
known «as cyanalkines. 

The fu'st stage in the formation of these bodies appears to consist in the 
formation of sodium derivatives of the nitriles. These have only been isolated 
in the case of certain aromatic compounds, such as benzyl cyanide (phenyl- 
acetonitrile), where the negative influence of the ON group is 

strengthened by that of the phenyl. But there is evidence of their existence in 
the fatty series : as in the production of butyronitrile by the action of sodium 
on a mixture of acetonitrile and ethyl iodide : — 

CI-L,Na.ON + CoH,I - Call.-CH.-CN + Nal. 

In the production of a double polymer from acetonitrile by treatment with 
sodium, marsh gas is evolved and sodium cyanide formed. This indicates that 
one sodium atom turns out a methyl group from one molecule of acetonitrile, 
forming sodium cyanide, while another disj^laces a hydrogen from a second 
molecule to give CII>Na*CN, this hydrogen combining with the methyl to give 
methane : — 

2m + 2 CH;..CN = NaCN + CH^ 4- CHoNa-CN. 

The sodium derivative now combines with another molecule of the nitrile thus : — 


CH3.C=N CH,;C^=N.Na 

4- CH,Na.CN ^ 

and this on treatment with water yields the hydrogen compound 


Cn3‘C=NH 

ch^-cn’ 


which is the imino-nitrile of acetoacetic acid. That this is the structure of 
the polymer is sho%vn by its hydrolysing wuth cold acid to the ketone-nitrile, 
C 1 I.j*CO-CH 2 ‘C]S[, and with hot acid (through acetoacetic acid) to cai’bon dioxide 
and acetone,^ 

The formation of the trimolecular derivatives or cyanalkines is not under- 
stood ; but their constitution has been made out, and they are found to be 
amino-pyrimidine derivatives. Thus cyanethine (from propionitrile) is amino- 
methyl-diethyl-pyrimidine 

C 

HoN-0 ,C-CoHr, 

N 


It is remarkalt)le that while the alkyl cyanides give these pyrimidine deriva- 
tives, the triple polymer which benzonitrile forms under the same conditions 
(cyaphenine) has quite a different constitution, being a cyanurie compound with 
the trieyanogen ring ; — 


^ Benzyl cyanide beliaves in the saine way. Atkinson, tT. F. Thorpe, /. 0. S, 1906. 1906. 
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N 

II I ^ 

’ 

while benzoyl cyanide forms a triple polymer of a different type again, whose 
formula is probably ^ : — 

0.CO.N=C— C=N.CO-0 
N=C.C0.<56 ’ 

as well as a double polymer which seems to have the structure “ : — 

(p C CN 

0-^— isrc 

The formation of polymers of the cyanalkine type is obviously impossible in 
the last two cases, since there is no hydrogen attached to the carbon carrying 
the ON group. 


ISOCYANIDES, ISONITEILES, OE CAEBYLAMINES 

The isocyanides were first prepared by Gautier in 1866 by the action of 
silver cyanide on the alkyl iodides. Shortly afterwards Hofmann obtained them 
by the action of chloroform and alcoholic potash on primary amines : — 

CHs-NH^ + CHCI 3 = CH 3 -N=C + 3 HOI. 

These two reactions are still the most important for their preparation. They are 
also got as by-products in the preparation of the nitriles. 

They are volatile liquids with a very powerful and extraordinarily repulsive 
smell. They are not basic, but nevertheless combine with hydrochloric acid in 
ethereal solution to form compounds such as 2 CH 3 NC, 3HC1 : these, however, 
are not stable to water, as aqueous hydrochloric acid readily saponifies the 
isocyanides to form an amine and formic acid : — 

Et-N=:0 -f 2 H 2 O - Et-NHg + H-COOH. 

This is the most typical reaction of the isocyanides, and proves their constitu- 
tion. It is to be noticed that whereas the nitriles are saponified with equal 
ease by acids and alkalies, but only on warming, the isocyanides are stable 
towards alkali, but are saponified with great readiness — ^almost^ explosively in 
some cases — by acids in the cold. 

As the nitriles by taking up one molecule of water are converted into the 
amides of the corresponding acids, so the isocyanides take up a molecule of 
water to give the corresponding alkyl-formamides : — 

Et-N=C + H 2 O = 

This change may be brought about by means of glacial acetic acid. The 
» Diels, stein, £er. 40. 1655 (1907). “ Diels, PiUow, Ber. 41. 1893 (1908). 
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necessary water is supplied by the acid, which is thereby converted into its 
anhydride. 

On rtMluciioa ilie isoej^anidos yield ►secondary aininoSy one of the groups being 
of course methyl ■ 

0.iV-.o ^6-jSiii-cn,. 

Tlie hydrolysis oi' tlio isocyaiiides to an aiuino and fornue acid proves that 
tlio ON groiij) is linked to tho hydrocariKin radical ])y the nitrogen and not by 
the car]>on. But this groux>iiig may ])e wi-iiien in two ways, either as R*N=C 
or as R-In=C. In the first case tiu‘ <'arbon is represented as tetrad, in the 
second as dyad. Tho first formula was that originally ad()])ted, luit subsequent 
investigations, especially those of Nof, have shovrn that the second, with the 
nitrogen doubly linked to dyad carbon, is much more pro];a]>le, and in fact 
})racticaliy certain. 

To ])ogin with, there arc great difiiciilties in giving a pli^^sical interpretation 
to the first formula. If we hold, as we must, that the carbon atom is of the 
ibrin of a tetrahedron, wo should have to suppose that the nitrogen atom is of 
such a shape that it is able to surround it mitirely, touching all the four points 
at once, and this does not seem 2>ro]>ah]b‘ ; moreover, apart from these compounds, 
thf‘i*(‘ is no established case in the, wdiole of chemistry of a ipiadruple bond. 
Further, tlie behaviour of the isoc\"anidos strongly siip>ports the dyad carbon 
structure. A Ijody of the type K*N "0, in forming an a<ldition-eompoimd, must, 
like a nitrile, break one of the bonds between the carbon and the nitrogen, so 


that the iix'oduct wmuld have the structure 


X 


A body of the type 


might indeed behave in the same way. giving a product 


E-N-Cr.Y 

X 


but as the 


dyad condition for carbon is very a])iu)rmal, wo should rather expect that the 
carfioii w'ould fit's! assume its normal valency of four ]>y attaching both of the 

Y 

two added groups to itscilv forming R-N-C(^ : a reaction which could not take 

place with a doi'ivativo of t<5travaloni carbon, E-jNi C. Thus the difference 
b(‘iw(}cn ilio two aJUumativo formulae for tho isocyanid(‘S is not merely formal, 
hut is r(>al, and conditions a difference in behaviour ; and iliis enables us to 
decide^ wliicli is correct. Ncf ‘ has shown that in tiie addiiioii-reactions of the 
isocyaiiides the jiriniary product possesses, certainly in many cases, and probably 
in all, the second of tho two i>os.siblo constitutions, having ])oth of the new 
groups attached to the carbon. For example, tho isocyan id(\s reduce mercuric 
oxide to metallic mercury, being convorted into isocyanates : — 

Et N- C + IlgO - Et N -C - O 4 Ilg. 

x\gain, phenyl isocyanide in chloroform solution adds on two atoms of chlorine 
tqi, the carbon, forming isocyanpheuyl chloride, In the same way, 

when tho isocyanides are treated with phony! magnesium bromide, addition 
takes place to the carbon only, giving a compound struc- 


I Alin. 2 ^ 0 . '267 (1802) ; 287 . 265 (1895). 
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ture of which is proved by its giving with minerals first an imino-com- 
pound Et-N— CH- 0 , and then henzaldehyde. It is thus evident that whereas 
a nitrile adds on both to the carbon and to the nitrogen, forming compounds 

„ , E-C=N-Y . , 

ot tUe type ^ , an isocyanide does not form the analogous bodies 

K'N— C*Y 

^ , but adds on to the carbon only, giving E-N^C^y. This can only be 

explained if the carbon in the isocyanides is dyad, and in the formation of the 
addition-compounds assumes its higher valency of four. 

Constitution of Prussic Acid and its salts 

This is a question of great complexity, on which every possible theory has 
been advanced ; and it cannot even now be said that any one of them is estab- 
lished. From the relation between prussic acid and cyanogen, in which it can 
be proved that the two ON groups are united through carbon, and also from the 
fact that the nitriles were the first class of organic derivatives to be discovered, 
it was for a long time assumed that free prussic acid possessed the formula 
H-C=N. This view became more firmly established when Gautier, the discoverer 
of the isocyanides, published in 1869 an elaborate comparison of the reactions 
of prussic acid with those of the nitriles on the one hand and the isocyanides on 
the other, from which he concluded that the nitriles were the true analogues of 
prussic acid. Of recent years this view has been challenged, especially by Nef, 
who brought forward much evidence in favour of the opposite theory that 
prussic acid is H-]Sr=C, and its salts M-N=C. Nefs theory has since been 
attacked by Wade,^ who thinks that the acid is H-CHN, while he agrees with 
Nef that th^salts are M-]Sr=C. Others maintain that the alkaline salts are 
nitriles, M-C=N, but that the salts of the heavy metals, such as silver and 
mercury, are isocyanides, M-N=C. 

Ostwald points out, in favour of the isocyanide structure for the free acid, 
that the influence of the true nitrile group, -ON, in raising the acidity of an 
organic acid is enormous, as is shown by the following series of dissociation 
constants : — 

Acetic acid K = 0-0018 


Monoehloracetic .... 0-155 

Monobromacetic .... 0-138 

Cyanacetic 0-370 

Thiocyanacetie .... 0-265* 


Thus the negative influence of cyanogen is more than twice as great as that of 
chlorine or bromine ; in fact it is among the most strongly acidic groups known. 
We should therefore expect a compound H-C-N to be among the strongest acids, 
as is thiocyanic acid, which on chemical grounds we know to be H-S-C=N. But 
as a fact prussic acid is among the weakest. It therefore cannot be H-C-N, but 
must be H-N-C. 

To this argument Wade answers that the substitution of the group CCI 3 for 


1 J. C. 8 . 1802 . 1596 . 


“ 1. c. 1615. 
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hydrogen onomionsly raises the strength of an acid, as is shown by the com 
parison of formic with trichloracetic acid :~ 

Formic acid K = 0*0214 

Triehloi'acetic .... 120*0 

Hence, if OstwahFs analogy holds, chloroform ought to be an acid of immense 
strength ; whereas it is not an acid at all. This objection is certainly difficult 
to answer. 

Of the other arguments which have been advanced, some may be dismissed 
at once : such as the formation of prussic acid (as a nitrile) by heating form- 
amide, since a tautomeric change is obviously proba]>le in a reaction of this 
kind. The same may be said of Chattaway's argument for the isocyanide 
formula from the undoubted fact that the cyanogen halides have the halogen 
attached to nitrogen. The whole question is whether the two classes of bodies 
are analogously constituted or not. 

The problem really divides itself into two parts : the constitution of prussic 
acid, and that of its salts. The free acid, in the liquid, dissolved, or gaseous 
state, must, as a tautomeric substance, be a mixture of the two forms ; and 
hence when wo ask what its structure is, we are really asking which of the two 
predominates. If their px'oportions are not very unequal, we cannot expect 
a definite answer. But the salts in the solid state, or at least any given salt, 
must have one form only ; and even in solution we should expect to find that 
one form greatly predominated. The facts agree with this. The arguments as 
to the structure of the metallic cyanides point fairly definitely to the isocyanide 
formula; but witli regard to the free acid there is very much more doubt. 
Wade points out that the hydrolysis of a prussic acid resembles that of a nitrile 
and not that of an isocyankle ; it is effected only slowly by strong acids, which 
hydrolyse an isocyanide almost explosively, but it is also effected by boiling 
alkalies, which have no action on an isocyanide. Again, all organic isocyanides 
dissolve silver cyanide at the ordinary temperature, while nitriles do not. The 
alkaline cyanides have this power, but not pi*ussic acid, which thus appears 
as a nitrile. Further, prussic acid forms «idditive compounds with stannous 
chloride, antimony imtachloride, and cuprous chloride, herein resembling the 
nitriles but not the isocyanides* Its reaction with diassomethane has already 
been referred to. Sfow that it has been shown that this produces methyl 
isocyanide as well as methyl cyanide, this reaction cannot be regarded as 
throwing any light on the question. Nef ^ finds that prussic acid is not acted 
on by ethyl hpwchloHte at - 15"^, whereas ethyl isocyanide acts violently at this 
temperature, Bmhl- has shown that its molecular refraction is much lower 
than that required for an isocyanide, and agrees with that of a nitrile. On the 
other hand Lemoult ^ finds that its heat of combustion is exactly that calculated 
for H*N*0 from the vahxes obtained for isocyanides, and is lower than that 
required for a nitril(‘. Its high dielectric constant * and its great ionizing power ® 
both show an analogy to the nitriles ; but the behaviour of the isocyanides in 
these respects is unknown. 

i Ann. as-sr. 274 (1896), « Z. Fk Oh. X6. 612 (1896). 

s a M. 143 . 902 (1907); 148. 1602(0. 08. il 272). 

^ Schlundt, J. P%, Ckem. 6. 167 (1901). ® Centnerszwer, Z. Fk Ck 38. 218 (1897). 
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The physiological effects of prussic acid are stated by Nef to resemble those 
of an isocyanide ; and by Wade, with equal confidence, to be almost identical 
with those of a nitrile, so that this evidence must be considered to be ambiguous. 
Great stress has been laid on the smell, but all that can really be said is that 
while the smell of the nitriles is rather pleasant, those of prussic acid and the 
isocyanides are very repulsive ; they are not very similar. "Nef shows that the 
smell of prussic acid can scarcely be distinguished from that of fulminic acid, 
which he has proved to be But if the smell of isocyanogen is so 

powerful as it appears to be, that of prussic acid may be due only to a small 
proportion of H‘]S[*0, the acid being mainly H-C-hT. 

It would seem that the balance of evidence is, on the whole, in favour of the 
nitrile formula for free prussic acid, but it is very unsatisfactory, which is, 
perhaps, inevitable. When we come to the salts, the ground is rather firmer. 
Take first those of the alkalies. Nef has shown that most of their reactions can 
only be explained on the supposition that the primary product is of the type 

K-]Sr=C<^Y • example, with ethyl hypochlorite potassium cyanide gives ethyl 


cyanimido-carbonate. This is inexplicable on the nitrile formula, but it can 
easily be explained on the other theory by the following series of reactions : — 


EbO-Cl 
+ K.N=C 


= K-1T=C<| 


OEt 

Cl 


C=N-K 


C1-C=]!T-K 


^ TT w-p/OEt + KOH 
^\C-N + ZCl • 


So, too, it is probable that potassium cyanide combines with chlorine to give 
, as it certainly does with oxygen to form K*N=C=0 ; and there are 
many other cases. 

Again, the alkaline cyanides form stable double salts with many salts of the 
heavy metals. The isocyanides do the same, while the corresponding compounds 
of the nitriles, where they exist at all, are much less stable.^ 

The cyanides of the heavy metals, and especially those of silver and mercury, 
have in many respects a different behaviour from the alkaline salts. For 
example, they cannot be oxidized by potassium permanganate, as those of the 
alkalies can; and on treatment with alkyl halides they yield mainly iso- 
cyanides, whereas the alkaline salts give mainly nitriles. This last reaction will 
be discussed later ; but the other differences, though they may be due to a 
difference in structure between the two classes of salts, are, in all probability, 
sufficiently accounted for by the fact that the cyajiiidqs. M. .Ao, bqayy, n^ietal^ are - 
scarcely ionized at all, and hence their reactions are those of the* undissociated j 
compound, while those of the alkaline salts are those of their ions. We may i 
therefore conclude that the metallic cyanides all have the metal attached to 
the nitrogen. 

We have still to consider the reaction of the metallic cyanides with alkyl anjJ 
acyl halides.^ The alkaline cyanides with the alkyl halides give mainly nitriles. 


* Hofeaaim, Bugge, Ser. 40 . 1772 ; Bamberg, ib. 2578 (1907). 

2 Cf. GuiUemard, 0. S. 143 . 1168; 144 . 141, 326 (1907); -Ami. Qhim. Phys. [8] 14 . 311 
(0. 08 . U. 583). 
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but especially in the presence of solvent small f|uantities (up to 5 per cent.) of 
isocyanides are formed. Alkyl sulphuric or sulphonic acids, or alkyl sulphates 
produce the same result.’ Silver cyanide, and the other heavy metal cyanides 
so far as they have been inveBtigated, give with alkyl halides practically only 
isocyanidos" ; but with aeyl halides, such as acetyl and ben^.oyl chlorides (and 
also a}>parently with certain substituted alkyl halides, as the chloro-methyl 
ether Cl-CH^-OAlk^), they form nitriles. 

Gautier supposed that the salts were all M-G'N, and that a nitrile was always 
the primary product, but that this changed over into an isocyanide (where that 
was the ultimate product) in the course of the reaction. This view has been 
shown to be untenable, as the change does not occur ; and so has a later view, 
that the primary product is always an isocyanido, which in some cases changes 
over into a nitrile : because, although this change does occur, it only does so very 
slowly under the conditions of the experiment. 

Again, it has been suggested that the potassium salt is K‘C‘N, and the silver 
salt Ag*N*G. I'hit against iliis we have all the evidoiico that the ])ofcassimn salt 
is K*]Si-C, and, nion^over. it leaves us wiiii the same difficulty of ex})laining how 
Ag‘N*C witli acyl cdilorides gives nitriles. 

Nef, regarding all the salts as of tlie type M-N-G, considers that the iso- 
eyanides jiro ])i'oduccd from silver cyanide hy direct repiaconicnt ; — 

Ag-N--C -i- AlkJ -- Alk-N-'-G 4- Agl, 
and tliat where nitrilesaro ]>roduced, this is due to the intenm^diaie formation 
of addition-cumj)Ounds : — 

K-N-C + Alk-T - = Id + N.--C.Alk. 


It can he. shown that the metallic eyankk'S do in many cases co 2 nl)ino with the 
halides ; wo know tiiat dya<l caribou forms additive coin]>oands of this type; and 
in similar cases Nef has actually prepared additive coiupouiids containing both 
metal and halogen. Tluishis theory seems satisfactory a,s far as the formation 
<d“ nitriles is concerned. Ihil there is evidence that additive compounds are 
formed also in tlie cases wlun-o an isocyanido is the ultimat(^ product, Bry 
silver cynnidc* a>>sovbs m<‘ihyl iodide at its boiling-point, giving a viscous liquid 
which solidifies on cooling, and evolves methyl isocyanidc on farther heating, 
Wliai structure is to be attributed to these compounds? Wad<i, who accepts 
Nofs view as to the formation of nitriles, suggests that the int <n'in odiate com- 
j)ouiuls })roduced in those cases in Avhich an isocyanide is obtained have the 
alkyl ami the kalogon attached to the nitrogen thus : — 


Ag*N-C -f- 011,-1 


I 

Ag-N-G = 
OH, 


Agl H 
CII,-N».G. 


TJie objection to this view is that there is no evidence for the structure of these 
additive compounds, beyond the fact that their supposed analogues, the com* 


i Auger, C. n. 14:5. 1287 (1908). 

^ The nitrile is, however, formed in increasing quantity as the alkyl grouj) gets larger. 
3 Sommelet, C. R. 1-43, 827 (1907). 
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pounds of the alkyl halides with the isoeyanic esters, yield on hydrolysis very 
small quantities of secondary amines ; and this is not a proof of the structure of 
these compounds, much less of those obtained from the metallic cyanides. 
Moreover, the structure assigned to them is intrinsically improbable ; for we 
must suppose that the halogen attaches itself to the nitrogen, for which it has 
very little affinity, rather than to the excessively active dyad caihon atom. 

It seems more natural to suppose that in both eases — whether the final 
product is a nitrile or an isocyanide— the addition takes place to the dyad 
carbon. And it is not difficult to see how this might lead to the formation of an 
ester of either type.^ On this hypothesis, the body formed by the addition 
of any metallic cyanide to any alkyl or acyl halide will have the structure 


M-N=C 


/Aik 


, or, as it may also be written, 


Alk-C-I 
II • 
M-N 


This latter formulation 


shows that there is a formal analogy between the structure of the compound and 
that of the unsymmetrical oximes. It has a carbon atom linked to two different 
groups, and doubly linked to trivalent nitrogen. It obviously can occur in two 
stereoisomeric forms : — 


Alk-C-I 

II 

M-N 


and 


Alk-C-I 
II . 
N-M 


In the second of these, which may be called the synhaloid form, the metal 
and the iodine, being near to one another, will split off easily as metallic iodide, 
leaving a nitrile, just as a synaldoxime loses water : — 


Alk-C-I 

II 

N-M 


Alk-C 

111 

N 


-f MI 


Alk-C-H 

II 

N-OH 


Alk-C 


.III -f H„0. 

N 


This is essentially Nef’s formulation of the reaction of potassium cyanide, the 
formation of nitriles. On the other hand the anti-compound cannot react in this 
way, because the metal and the halogen are on opposite sides of the C=N 
group. It therefore undergoes the Beckmann reaction, which brings the metal 
and the halogen nearer together, so that they can split off, giving an isocyanide : — 


Alk-C-I M-C-I 

II -» II 

M-N Alk-N 


C 

II 

Alk-N 


-I- MI. 


This is analogous to the formation of an isocyanate from the potassium salt of an 
amide in the Hofmann reaction : — 


Alk-C-OK 

II 

Br-N 


Br-C-OK 

II 

Alk-N 


C=0 

II 

Alk-N 


-t-_ KBr. 


On this hypothesis ever3d}hing depends on which stereoisomer is produced ; the 
synhaloid gives a nitrile, and the antihaloid an isocyanide. We must there- 
fore suppose that with an alkyl iodide and potassium cyanide, or with an alkyl 
acyl halide and silver cyanide, the synhaloid form is obtained ; while the anti- 
haloid is formed from an alkyl halide and silver cyanide : — 


Alk-C-I Ae-C-Cl Alk-C-I 
tl : II : II . 

N-K N-Ag Ag-N 


1 Sidgwick, Pi-oc. O. S. 21. 120 (1906). 

« P 
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CYANIC ACID 

Cyanic acid, IICNO, like liydrocyanic acid, gives two series of derivatives ; 
and it may tliorefore have either or both of the formulae H*0-C=N and 
l£.lS[=rC=0* It is by no means certain which of these should be adopted, but 
the imide formula, M-N=^0=0, is at any rate the more probable as fiir as the salts 
are concerned. This is most nearly related to the formula of the metallic cyanides, 
M'N— C", and it explains the ease with which the latter are converted into 
cyanates, the dyad carbon atom taking up an atom of oxygen to become tetrad. 

Cyanic acid is prepared from its polymer cyanuric acid C^N^O^H.^, which is 
obtained by the action of water on cyanuric bromide, C 3 N 3 Br 3 , or by heating 
urea^ : — 

3CO{NIL). - G.NAin.j + 3NH:;. 

The cyanuric acid is heated in a stream of carbon dioxide, and the vapours of 
cyanic acid which are evolved arc condensed to a lii^uid in a freexiing mixture. 
Cyanic acid is a very volatile liquid, giving an acrid and corrosive vapour. It is 
<^xcessiv(dy iifisia])lc. In a]>out an hour, if it is ke[>t ]3eiow O ', it is completely 
convei’ted into a white porcelain-likc mass: this is generally said to consist of 
cyamelide, an insoluhle polymer of cyanic acid which )’(‘genonites cyanic acid on 
heating, it lias ])een sliown." liowever. that this mass is composed of about 
30 per cent, cyamelide and 70 per cent, cyanuric acid If the liquid cyanic acid 
is taken out of the freezing mixture it changes into this white mass vith 
explosive violence in the course of a few minutes, (Formaldehyde undergoes 
a similar explosive jKjlymcrizatiou to the triple polymer tiioxyniothylene.^) If 
it is dissolved in (*ther, or if a few drops of trioihyl-phosphine, PEi., are added to 
it, it is converted into cyanuric acid. 

In Jiquecnis solution it is scarcely more sta])lo, and rapidly ]>reaks up, at any 
temperature tihoxe </, into carbonic acid and ammonia. The potassium salt 
breaks uj> in the same way in solution, but is <piite stalde in presence of a 
slight excess of potash,'* 

Potassium cyanate is obtained by heating potassium cyanide or ferrocyanide 
with an oxidizing agimt sucli as manganese dioxide, litharge*, or potassium 
bichromate; or ]y ilu? cIo(‘t rolyiic oxidation of potassium cyamide in aqueous 
Solution/* It is of course on its ready oxidation lo tin* cyanate tliai the use of 
potassium cyanide as a rodmniyg agent in inorganic chemistry do]'onds. The 
eyanatf* is also got l^y passing cyanogen ga^s or cyanogen chloride into potash 
solution, in the first case together with x>otussimii cyanide, in tlui second with 
potassium chloride. 

It is to be noticed tliat silver cyanat(*, unlike? the cyanide, redacts with acyl 
chlorides to give acyl isocyanahjs, and not the normal esters.'* Also, free cyanic 
acid with diazoniethane gives only methyl isocyanate." 

1 Cf. V. Walthor, J, pr. (%. [2] 79. 12G (C. 09. i. 841). 

2 fcienier, Walsh, J. C. S. 1902. *290, ® Kwkultb 25. 2435 (1892). 

^ Siepermann, C. 07. i. 1569. ® Patcnio, C. 04. ii. 982. 

« Billeter, £er. 36. 3218 (1903) ; 38, 2013, 2016 (1005). 

^ Palazzo, Carapelle, C. 06. ii. 1723. 
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Cyanic acid gives rise to the following series of derivatives : — 

1. The halides of cyanogen, or acid halides of cyanic acid, such as CN-Cl. 

2. The amide, cyanamide, (or carbo-diiniide, HN^C^NH), and its 

derivatives. 

8. The cyanic and isocyanic esters. 

4. The thiocyanic and isothiocyanic esters. 

All these classes of compounds can form triple polymers, which will be 
considered later. 

Cyanogen Halides 

These bodies are obtained by the action of the halogens on metallic cyanides 
or on aqueous hydrocyanic acid. On the large scale cyanogen bromide is 
generally made by the action of sulphuric acid on a mixture of the bromide, 
bromate, and cyanide of sodium. The velocity of the change has been investi- 
gated by Ewan,^ who stops the reaction at a given point by adding soda, and 
determines the amount of unchanged sodium cyanide by titration with silver 
nitrate and potassium iodide. His results indicate that the reaction on which 
the change depends is : — 

HBrOs + 5 HBr + 3 HCN = 3 BrCH -r 3 HBr -f 8 ILO. 

Cyanogen chloride is a colourless, very poisonous liquid, boiling at -l- 15-5^ 
and melting at — 6°. It is somewhat soluble in water. On keeping it changes 
into cyanuric chloride Cy]S’3Ci3. Its formula was originally assumed to be that 
of a normal cyanogen derivative, ]Sr=C-Cl. But Chattaway^ has shown that this 
is not the case. Wlien a halogen atom is attached to carbon, it yields fairly 
stable compounds ; or if the negative character of the body loosens the bond 
between the two (as in the acid chlorides), then on treatment with water the 
chlorine is removed as hydrochloric acid, and hydroxyl takes its place : — 

X-C-Cl + HOH = X‘C-OH + HCl. 

Where the halogen is joined to triad nitrogen, as in the halogen-substituted 
amines and amides, Chattaway finds that it behaves quite differently. It can 
easily be removed, but is replaced not by hydroxyl but by hydrogen, the chlorine 
forming hypochlorous instead of hydrochloric acid. The typical reactions of 
chlorine attached to trivalent nitrogen are thus reactions of hypochlorous acid, 
that is, oxidations. Such bodies oxidize sulphurous acid to sulphuric, hydi’iodic 
acid to iodine, and hydrogen sulphide to sulphur. All these reactions are given 
quantitatively by the cyanogen halides : — 

C=X-Br -1- 2 HI = HCN -f HBr + I,,* 

C^H-Br + H,SO> + H.O = HCX + HBr + H2SO4, 

C=X-Br + H^S - HCX + HBr S. 

This^is strong evidence that these halides are really isocyanogen compounds. 
It alio supports Xef s view that the isocyanides contain divalent carbon. For 
these characteristic reactions are those of chlorine attached to triad nitrogen. 

If the nitrogen is pentad, the chlorine behaves quite differently, as we see in 

1 J. Soc. Chem. Ind. 25 . 1130 {C, OV. i. 591). 

2 Chattaway, Wadmore, X (7. 8. 1902 . 191. 

• P 2 
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ammonium chloride. The structure CMN»C1 is therefore excluded, and we must 
fall back on the dyad carbon. 

When cyanogen chloride Is treated with ammonia, it gives cyanamide, 
HyN-C^N, This w%‘is regarded as a proof of the normal formula, from which it 
follows by direct substitution. But it can easily be derived from the isocyanogen 
formula by Nefs addition method: — 

NH,, 4 C--N.C1 = = II^N-C=N 4- HCl. 


Cyanogen iodide gives a curious reaction when its ethereal solution is treated 
with zinc. It yields zinc cyanide, with separation of iodine. Kegarding the 
zinc salt as an isocyanide, this is a case of direct substitution: — 




+ Zn 




Zn -f I,. 


The cyanogen halides, and especially the bromide, have been the subject of 
numerous investigations. Some of the more important of their reactions are 
described in the papers referred to below. ^ 


C' 3 ’anamide, ? 


Ch/anamide 

or possibly, though less probably, HN^C-NTI, is best 


pn‘pared by the action of freshly precipitated mercuric oxide on thio-urea, in the 
presence of a little ammonium thiocyanate, which dissolves some of the mercuric 
oxide as the double thiocyanate, and so renders it more active :~~ 




vNH, 


H,S. 


It may also be obtained in many other ways, as by the action of ammonia on 
c^'anogeu chloride, or by passing carbon dioxide over heated sodamide : — 


2 NaNII^ 4 CO., - KH,CN -f 2 NaOH. 


The ('.yanamide derivatives have recently assumed a considei'able practical 
im}>ortance jib affording a method for obtaining atmosplierlc niti’ogen in a 
combined form for agricultural purposes/'^ In 1904 Caro and Frank showed 
thatwdien calcium carbide^ is heated with nitrogen in the electric furnace, carbon 
separates and calcium cyanamide is formed : — 

CaC, + N, - CaN-CN + C. 

The crude prodbact, which contains about 20 per cent, of nitrogen, is known as 
Kalkstickstoff, and is used as a manure. It is hydi’olysed in the soil to form 
cyanamide, urea, and ammonia. It ha.s to be used with care, as some of the 
earlier products of hydi'clysis, probably the cyanamide, have a poisonous action ; 


^ With cyclic aimncs : v. Braun, B«r. 33 . 1483 (1900) ; 40. 8914 (1907); with tertiaiy atnines : 
V, Braun, JScr. 36 . 1196 (1903); 40. 8983 (1907) ; with hydrazine : Pcllizari, Cantoni, 35 . 
i. 291 (C, 05. ii. 122); BelHzari, Boncagliolo, ib. 3!?. i. 434 (C<. ih 585) ; Pellizari, ib. 37. i. 
611 (C. 07. ii. 801) ; with hydroxylamine : Wieland, Ber, 38 . 1445 (1905), 

2 Kahling, Ber. 40. 310 (1907) ; B, F. Frankland, J. Soc. Ghent. Ind. 26. 175 (1907). 

* Barium carbide can also be used. Kuhling, Berkold, Z. awjem. Oh. 22. 193 ( O', 00. i. 620), 
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but this danger can be avoided by putting on the manure some time before the 
crop is sown.^ 

Cyanamide forms a colourless deliquescent crystalline mass, melting at 40'^, 
and is easily soluble in water, alcohol, and ether. Its hydrogen atoms are 
readily replaced by metals. If treated with an ammoniacal silver solution, it 
gives a yellow precipitate of silver cyanamide, CNjAgg, which on treatment 
with ethyl iodide forms an ester whose formula is NSC-NEtg. Like all 
cyanogen derivatives, cyanamide readily forms addition-compounds. It poly- 
merizes spontaneously to the so-called dicyandiamide,® which is probably 
/NH2 

cyanguanidine, C^ISr-CN. When treated in ethereal solution with hydrochloric 

\NH2 

acid it gives a compound CIT2H2*2HC1. It also undergoes the typical cyanide 
reactions. It takes up water to form the amide, urea, it forms with hydrogen 
sulphide the thioamide, thio-urea, and with ammonia the amidine, guanidine : 


N=C-NH2 -f NH3 = 

The mono-alkyl cyanamides are obtained from cyanogen chloride and 
primary amines : — 

+ Cl-CN = 0-NS.CII or ^•N=C=NH : 
or by the action of mercuric oxide on the mdno-alkyl thio-ureas : — 




oWNH CHs „ 5. ^ /NH-CHs 

" -“sS = C4j^ or 

There is the same doubt about their formulae as about that of cyanamide itself. 

Among the di-substitution products, on the other hand, the derivatives 
of both forms are known. The true cyanamide derivatives, NSC-NEa, are 
formed, as has been mentioned, from silver cyanamide and alkyl iodide” and 
their constitution is shown by the fact that on decomposition they yield dialkyl- 
amines. They are also formed from the dialkyl chloramines and potassium 
cyanide : — 

EtaN-Cl -f KNC = KOI -)- EtgN-CHN, 


which is a further proof of their structure. 

The derivatives of -the other form have already been discussed as carbo- 
diimide compounds^ They are formed by the action of mercuric oxide on certain 
symmetrical di-substituted thio-ureas : — 


S=C<r^H-C3H, _ , 


H,S. 




Esters of Cyanic Acid 

The normal esters of cyanic acid,® K-0*C=II, are said to have been obtained 
by the action of cyanogen chloride on sodium ethylate. But later work has 
shown that this is a mistake, and as a fact they have not yet been isolated Iby 


1 Poliacci, Z. MeUrochem. 14. 565 ; Ulpiani, Gaz. 38. ii. 358 (0. 08. ii. 1342, 1627) ; Lohnis, 
Moll, 0. 09. i. 310 ; Kappen, ib, ; Loew, ib. 785. 

^ Of. Pohl, /. jpr. Ch. [2] 533 (0. 08 . ii. 151). 

3 Cf. Nef, Amu 287 . 310 (1895). 
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any means whatever. It is, however, clear that they must be the primary 
product of this reaction, since tho substance actually obtained is the normal 
cyanuric ester : — 

A 

Et0-C''^'^'0-0Et 
11 1 



U-OEt 


Ifc would seem, therefore, that the normal cyanic esters have in such a high 
degree the tendency to polymerization! which characterizes the whole group, 
that they condense to cyanurates as soon as they are formed. 

On the other hand, the isocyanic esters, E-N— C==0, are well known. They 
were first prepared by Wurtz in 1854 hy distilling the salts of the alkyl sulphuric 
acids with potassium cyanate, and led him to the discovery of the amines. A 
better method is to act with alkyl iodide on silver cyanate. 

They are also got hy oxidizing the isocyanides with mercuric oxide ; and by 
tho action of bromine on amides, being intermediate products in the Hofmann 
reaction for preparing amines. They may })e obtained hy the action of carbonyl 
chloride on amines. If carbonyl chloride is passed over the heated amine hydro- 
chloride, a carhamic chloride is formed, which on treatment with lime loses 
hydrochloric acid to give an isocyanate : — 

Cl-CO-Ol + HiiN-Et = ChCO-NII-Et + HCl 
= 0=:0::::N-Et + 2 HCL 

Another method of making them is by a modification of the Hofmann 
mustard oil reaction, using carbon oxysulphide instead of carbon bisulphide^ 
This reacts with a primary amine to give a thiocarbamic acid, which, on treat- 
ment with mercuric oxide, loses hydx’ogen sulphide and yields the isocyanate : — 

..SH 

COS + Et-NH, = C~“0 ILS + 0=C=NEt. 

^NH-Et 


The isocyanic esters are volatile liquids of a ]>owerful, unpleasant smell, 
which, on hoeping, change rather rapidly into tho polymeric isocyanuric esters. 
They are, of course, derivatives of the imide of carbonic acid ; compare 


/Oil 

C^-O 

\OH 


/NH., 

q=o 


C~0 NH. 


II., 


^0 




/OH 
Dibasic Acid. 


CH,.CC 


(jn. 




NH., 


OH., 




CHij~C< 


mi. 


0 

Imide. 


Diamide. 

The great strain in the molecule causes them to react readily with the breaking 
of a double Mnk. Now there are in the molecule two double links, one between 
the carbon and the nitrogen, and the other between the carbon and the oxygen. 
Of these two the latter is comparatively stable. The carbonyl compounds— 


^ Aasebiite, Ann. S50. 202 (1908). 
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aldehydes, ketones, acids— though they can behave as unsaturated bodies, are 
yet capable in a great number of reactions of maintaining the carbonyl group 
intact. On the other hand the imide group, >C=hrH, is an extremely unstable 
one. Accordingly we find that in the reactions of the isocyanates it is always 
the imide group that is attacked, and in consequence these reactions are very 
similar to those of the isocyanides, in which the double link between the carbon 
and the nitrogen is almost always broken, while the carbon becomes tetrad ; and 
in this case also it is nearly always a hydrogen atom which goes to the nitrogen, 
while the residue of the added molecule attaches itself to the carbon. 

The most important reaction of the isocyanates is one in which the carbon 
and nitrogen are completely separated. If they are warmed with alkali they 
split up into carbon dioxide and an amine, which proves their constitution : — 


CHo-N^C^O 

H,0 


- CHo-NH, + 0=C=:0. 


But often this link is not completely broken ; for example, with alcohols they 


give urethanes 




0=C=N.CH3 + CaH/OH 
With ammonia or primary or seeondaiy amines they give substituted ureas : 


0=C=:N.CH3 + 

By a combination of the first and last of these reactions, they give, when boiled 
with water alone, symmetrical di-substituted ureas. One molecule breaks up 
into carbon dioxide and an amine, and then the latter reacts with a second 
molecule of isocyanate to form the urea. They combine directly with hydro- 
chloric acid to form substituted carbamic chlorides : — 


0=:C=N-CH3 + HCl = 

This reaction is to be contrasted with that of an isocyanide with hydrochloric 
acid, which is due to the dyad carbon : — 

E]sr=c + HOI = E]sr=c<Jp 

Phenyl isocyanate, C=:0, is a substance which'has been much used for 
determining questions of constitution. Although it may be obtained by any of 
the ordinary reactions for preparing isocyanates, and also by one of the 
Sandmeyer reactions, by treating diazobenzene with potassium cyanate and 
copper powder, it is unfortunately difficult to prepare in any quantity, as the 
yield by any of these methods is small. • 

The use of phenyl isocyanate as a reagent for determining constitution is 
due to Goldschmidt,^ who first applied it in the case of succinosuccinic ester and 
analogous compounds, and shortly afterwards to the more important case of the 
oximes. It enables us to detect the presence of hydroxyl and imide or amide 
groups, as with hydroxyl it gives urethanes : — ^ 

/E(b 

X-C-OH + » 

^ xocx 


^ Ber, 23. 2179 (1890) ; Dieckmann, Ber, 33. 2002 (1900). 
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while with amines or imines it gives urea dc'rivaiives 

/mi6 

X-G^mi *f Gty -CO 

^ N" C-X 


It is espcHually ^isoful from the fact that it can be made ie x*eaet at a low 
temperature and in the absence of a solvent. There is thus less clanger that the 
reagent itself wnll bring about tautomeric change, which is particularly liable to 
happen where a solvent of sonui ionizing power, such as alcohol, has to be used. 
Also it breaks up the substance wnth which it reacts, and adds on the two parts 
to itself in such a way that they can he easily identifietl 

The cases where it has proved most useful are those of the oximes, and of 
bodies with keto-enolic tautomerism. In the oximes the question was whether 


the two isomeric benzaldoximes had the formulae 


0-C.H 

N-OH 


, ^6-CH-NH 
and Xo/ 


(of which the first would give a urethane and tho second a urea), or whether 
they both had the first formula ; and Goldschmidt showed that in both cases 
a urethane was formed. 

In the case of the keto-enolic (asters, such as tho /i-keto-esters, the problem 
is a different one. We have hero to decide between the groupings ~CH=C-0H 
and -CHo-' C=^0, Tho former gives a urethane, while the latter does not react 
at all. It has, however, recently been shown ^ that this test must be used with 
caution, as some kotonic compounds are able to react with phenyl isocyanate, 
changing over into thoir isomers in the course of the reaction. But Goldschmidt ^ 
finds that this danger is to a great extent avoided if care is taken to exclude 
traces of alkali, which liave a great power of promoting the tautomeric change, 
and will often enable tho isocyanate to react with the ketoiiic form when it 
cannot do so in thoir absence.*’ Even then, however, this i’oagent is not always 
trusfcworiliy. There are eases of hydroxyl c(»m]>oiind.s (especially those with 
luigative substituents) with which it will not react ; while tiiere are also cases 
of undoubted ketones with which it combines by direct addition.'* 


Tliiocymm Acid and its Deriruiives 

Tho salts of thioeyanic acid are o})tainod from the cyanides by direct 
combination witli sulphur, jtist as tluKse of cyanic acid are got by direct combina- 
tion with oxygen. But whereas it has been shown that the metallic cyanates 
have the foimiula M*N~C==0, that is. are really isocyanates, free thiocyanic acid 
and its salts are derived from the normal formula IbS-CEN, M*S*C=N. Isothio- 
cyanic acid, H*N=C=S, and its salts are unknown. This is in accordance with the 
general tendency of the C^S group to pass into 0%STI, which is far greater than 
that of 0=0 to go over into C»OII, as we have already had occasion to notice in 
comparing the amides with the thioamides and the ureas with the thio-ureas. 

Tree ihiocyaaic acid is generally described as a liquid. But this is because 
it has never until recently been obtained in the pure state. The pure acid^ can 

1 Michael, JBers 38. 22 (1005). » Jkr. 38. 1096 (1905). 

® Of, Bieckmanu, Hoppe, Stein, Ber» 3*T. 4627 (1904). 

* Michael, Oohb, Am* 363. 64 (1908). ® RoflCnheim, bevy, Ben 40. 2166 (1907). 



Thiocyanic Compounds 


221 


bo prepared by treating a mixture of dry potassium thiocyanate and phosphorus 
pentoxide with sulphuric acid in an atmosphere of hydrogen, avoiding any rise 
of temperature and collecting the vapours evolved in a freezing mixture. It is 
then found to be a white crystalline mass, which is stable at 0°, but at + 5° 
melts to a liquid which soon begins to polymerize, first turning yellow and then 
suddenly resolidifying to a yellow amorphous mass. The molecular weight was 
shown by the boiling-point in ethereal solution to be that required by the 
foimula HCITS. The dilute aqueous solution is stable at 0°, but on warming* 
polymers separate out. The concentrated solution breaks up into hydrocyanic 
acid and persulphocyanic acid, E[2C2N2®3* If ^ faii*ly concentrated solution is 
treated with a large excess of sulphuric acid, it decomposes mainly into ammonia 
and carbon oxysulphide, COS. When treated with diazomethane at ~5°, thio- 
cyanic acid is wholly converted into methyl thiocyanate, GHg-S-C^N.^ 

A.mmonium thiocyanate may be obtained by the action of carbon bisulphide 
on alcoholic ammonia : — 


CS2 + 4 NH3 == C=S + 2 NHo == 
\s.]srH4 






(NH,)2S. 


On heating to 160 it gives thio-urea, but if heated for twenty hours to 180° it is 
converted into guanidine thiocyanate, as we have already seen. 

The behaviour of potassium thiocyanate with organic halides ^ is remarkable. 
With alkyl halides and many of their derivatives, such as chloracetic ester, it 
gives normal thiocyanic esters, I^*S*C=:N. But with bodies of the type 
Arg'CHBr, where Ar is an aromatic radical— for example, with CH^S^Br— it 
gives isothiocyanates, E*]Sf=:C=S. No explanation has been offered of this. 

The brilliant red colour which is produced with ferric salts on addition of 
potassium thiocyanate solution is due to the formation of a double thiocyanate, 
9 ILCNS*Fe(CNS)3. It may be distinguished from all other substances which 
could possibly be mistaken for it by the fact that on shaking with ether it 
goes over entirely into the ethereal solution. This test is very delicate. A 
thousandth of a milligram of ferric iron produces a quite visible pink colour. 

The esters of thiocyanic acid belong to two series: (1) the normal thio- 
cyanates E-S*C=:N, and (2) the isothioeyanates or mustard oils E*E==C=S. 

The normal esters (S-esters) are obtained by the action of potassium thio- 
cyanate on alkyl iodides or the salts of alkyl sulphuric acids, or from cyanogen 
chloride and the mercaptides, which shows that the alkyl is attached to sulphur : — 


(EtS),Pb + 2 = 2 + P’bCl,. , 


They are liquids of a leek-like smell. Their structure is also shown by their 
being reduced by nascent hydrogen to mercaptan and prussic acid, which is then 
further reduced to methylamine. Another proof is that when oxidized with 
nitric acid they give alkyl sulphonic acids. With alcoholic potash they form 
potassium thiocyanate, which the isomeric isothiocyanates do not. They have 


^ Palazzo, Scelsi, Gaz, 38 . i. 659 (0, 08 . ii. 774). 

2 Wheeler, C. 02 . i. 1400, ii. 577, 788. Cf. Johnson, Guest, Am. Ch. 41 . 387 (0. 09 . i. 1547), 
who failed to observe any regularities* 
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!i remarkable toncloney to change over into the mustard oils. Methyl thio- 
cyanate is very largely converted into the iso-componnd by heating to 180° for 
several hours, and with allyl thiocyanate the change takes place so easily that 
if it is once distilled the convei’sion is complete. 

Compounds containing tint thiocyanate group in the a-p(tsition to carbonyl 
or carboxyl are caiitablo of intramolecular condensation to heterocyclic bodies. 
Thus thiocyanacetone (from chloraeetono) if heated with sodium c.arbonate forms 
methyl-oxy-thiazol : •• ■ 


‘'^\C=N 


?I1 

S 


./cn.. 




--G 

1 


■^OH 


The isotliiocyanic estei’s ox* mustard oils may be obtained from the primary 
amines, by first combining them with carbon bisulphide to dithiocarbamates : — 


CSo + 2 IIoN-Et 




''S-NH,Ef 

This is converted Ixy silver nitrate into the silver dithioearbamate, which on 
boiling with water breaks up into silver sulphide, hydrogen sulphide, and the 
mustard oil: — 


O — 


c> Q//NEt 


xigoS -h IIoS. 


“""^S'Ag 

This is Hofmann s mustard oil test for primary amines, the i)x*oduct being 
recognized by its smelL 

They arc also formed ])y heating the normal thiocyanates, and from the 
isocyanates by heating them with jxhosphorus pontasulphide. 

The aromatic nmstai*d oils aire also got from the condensation product of 
the priuiary aromatic amines with carbon bisulphide. This is of course not 
a dithiocarbamato but a thio-uiHia, and to convert it into the mustar<i oil merely 
re(j[uiros boiling with concentrated hydrochloric acid : — 




im 


■ bS 


+ f NIIyCL 


The mustard oils are liquids of an unpleas^iui odour, whi(*h are insoluble in 
watcjr and boil umlecomposed. Their reactions are almost all strictly analogous 
to those of the isocyanates. Thus with dilutcj acid they are hydndysod to the 
amino, carbon <lioxide, and hydrogi.ui sulpiiide ; with conconiraiod sulpluiric 
acid they give amitm and <'arbon oxysulpliido. They have a large number of 
additive reactions : for example, they combine %vith ammonia and anxines to 
forixx thio-ureas, with alcohols to form thio-urethanes, cS:c. 

Nascent hydrogen converts them into amine and thiofurmahltdiydi', which 
hx the form of its tx*imoleciilar polymer:— 

4- 2 n. Et.NII^ 

Isothiocyaix-acetic acid,* like its normal isomer, goes over readily or even 
spontaneously ixxto a ring compound, dioxy-ihiazol : — 

HjiC S-C=N H<^C-S\ 

I = i /C-O. 

O-C-OH 0-C-NH 


4- 


Freriohs, Beckurts, C. OO. i. 589, 02. ii. 931; Hantzseh, Viigelen, Sei-. 35.1007 (1902). 
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Allyl isothiocyanate is the body from which the name of the whole class is 
derived. It is obtained by grinding the seeds of the black mustard in water, 
and distilling the liquid after it has stood for a cex^tain time. The seeds contain 
a glucoside which is of a rather unusual kind, since it is a potassium salt, 
potassium myronate. This glucoside breaks up under the influence of a ferment 
known as myrosin, which is also contained in the seeds, into allyl isothiocyanate, 
grape sugar, and potassium hydrogen sulphate. 

The bodies obtained by the interaction of potassium thiocyanate with acyl 
halides have been shown to be isothiocyanates. The normal thiocyanates of 
the acyl radicals do not appear to exist.^ 


FULMINIC ACID 


Mercury fulminate was discovered by Howard in 1800. In 1823 Liebig 
showed that the silver salt has the same composition as silver cyanate. This 
was the first case of the discovery of two different substances having undoubtedly 
the same composition ; and it was to designate this phenomenon that Berzelius 
invented the word isomerism. 

Mercury fulminate is formed by the action of alcohol on a solution of 
mercury in excess of nitric acid. The constitution of the salt has long been 
a matter of great uncertainty. It is extraordinarily reactive, and very explosive, 
which made the investigation more difficult. Moreover it has not been found 
possible, even up to the present time, to obtain a stable volatile derivative of 
fulminic acid,^ so that its molecular weight can only be inferred from indirect 
evidence. For a long time the accepted view was that of Divers and others, 
that the molecule of the acid contains two atoms of carbon, so that it must be 
written H 2 C 2 N 3 O 2 . This view was based on its formation from ethyl alcohol, 
and on the fact that when treated with bromine or iodine it yields compounds 
containing two carbon atoms in the molecule. On this assumption the most 
various structures have been erected for it. Kekule suggested that it was 
nitro-acetonitrile, CH 2 N 02 -CK This was soon abandoned, and as a matter of 
fact this body has recently been prepared,^ and is found to be a fairly stable oil 
of rather high boiling-point. Another suggestion is that it is glyoxime 


HO OH HC CH , , ^ ^ 

peroxide, , or more probably heexi 


made,^ and though it resembles fulminic acid in some respects, it has been proved 
to be different from it. The fact that fulminic acid, like the oximes, yields 
hydroxylamine when treated with hydrochloric acid, showed that xt must contain 

C=NOH 

the group :NOH, and hence Steiner suggested the formula > which was 


generally accepted some years ago. 

The overthrow of this and all other two-carbon formulae, and the final 


^ Bixon, Taylor, /. C. S, 1908. 684. 

2 Biddle, .4m. Oh. /. 33. 60 (0. 05. i. 590), believes that he has obtained methyl fulminate, 
OHsO.N^O, as a liquid boiling at 50-60°, with a strong isonitrile smell; but it was too unstable 
to admit of further investigation. 

s Steinkopf, Bohrmann, JBer. 41. 1044 (1908). Jovitschitsch, Am. 34V. 233 (1906). 
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esta!)lishment of oiir knowledge of fulminic acid on, a firm hasis, is due to the 
work of NefJ I£e siiowed in the iinst place that all the evidence was in 
favour of its containing only one carlx)n atom in tlu) luoleculo. Its decom- 
pc^sition-productK are m^arly always one-car]>oii hod ics. It is formedj as we 
have soon, hy treating sodium nitromothane wiili iiMuxuiric chloride, and if 

treated with nitrous acid it is converted'^ into methyi-nitrolic acid, 

If we take it as provtHl that there is only one carhon atom in the molecule, 
and also consider the fact that on treatment with hydrochloric acid it gives 
hydroxylamine, only one foimmla is [)OBsil)Ie, namely The real 

reason which prevented the earlier investigators from adopting such a one- 
carbon structure as this was their unwillingness to admit the existence of 
a dyad carbon atom. But this objection lias been removed by Nof’s other work 
on dyad carbon, and ho has been able to show that his formula is alone capable 
of explaining the very remarkable i-eactions of fulminic acid ; %vhile all subsequent 
work on these bodies has only served to confirm his views. 

The formula explains the production of the salt from mercury nitromethane 
by ‘ intramolecular oxidation ’ : — 

- C-N-OIig + ILO. (hg = .|Hg.) 

It represents it as an oxime, and hence accounts for the formation of 
hydrox 3 damiiie on hydrolysis. PurtlK*r, it repr<iseuts it as the oxime of 
carbon monoxide, containing therefore, like carbon monoxide itself, a dyad 
ctirbon atom. Now the dyad carbon atom, %vherever it occurs, is always 
extraordinarily active, as we have seen in the case of the isocyanogen com- 
pounds. It has the strongest tendency to pass into the tetrad condition, 
and will do so if it possibly can, even at the cost of forming very unstable 
compounds. The formation of methyi-nitrolic acid is the simplest case of 
this 

il-O-N-C + HNO. - . 

A similar reaction takes place with hydrochloric acid. If sodium fulminate 
is treated with this acid at 0®, the fulminic acid first liberated forms an 
:uldi{ion-couji]H>uiul with the hydrochloric acid, the carbon becoming tetra- 
valent — 

nO.N-:-G" 4 IIGI - nO-¥ . 

(« 

This 1)ody is'^the oxime of formyl chloride, 0 =C",q|, and is tlurrefore called 

fomyl chloride oxime. Its properties are lemarkablo. It forms large colourless 
crystals, whicli are rapidly and comphdcly volatile at the ordinary temperature. 
If it is allowed to stand in the cold it soon Ixygins to decompost-, and the decom- 
position when once it has set in proceeds with almost explosive violence, and 
with the evolution of enormous quantities of heat. In this reaction carbon 
monoxide is evolved, and a residue left behind consisting mainly of hydroxyl- 
amine hydrochloride. That is, the oxime dissociates into fulminic acid and 


* jtww. 2»0. SOS' (1894). 


2 €,m. ii. iS5. 
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hydrochloric acid, and the former is hydrolysed by the latter in the normal 

manner. 

The structure of formyl chloride oxime is proved by its behaviour on 
treatment with aniline in ethereal solution, when it gives a precipitate of 

phenyl isuretin : — 

HO.K=C<g + 

The formula of the product was shown by synthesizing it from isuretin and 
aniline : — 

+ NHg. 

If silver fulminate is stispended in water and one equivalent of hydro- 
chloric acid added, part of the silver is precipitated as silver chloride, but 
a clear solution remains which contains both silver and chlorine. The first 
effect of the hydrochloric acid is to add on to the dyad carbon, forming the 

sHver salt of the oxime AgO.N=C<g. This soluble compound is partly deeom- 

posed by more of the acid to form silver chloride and the free oxime, but not 
wholly. This is a remarkable proof of the activity of the dyad carbon ; it holds 
the chlorine so firmly that it cannot react with the silver. It is also a strong 
argument in favour of Nef ’s view that when a metallic cyanide reacts with an 
alkyl halide to form a nitrile, an intermediate additive compound is formed with 
the carbon tetrad ; for we have here an example of an additive compound of this 
type which is callable of more or less permanent existence. 

It has recently^ been discovered that fulminic acid can exist in the free 
state, though it is too unstable to be isolated. It was shown by Scholvien ^ 
that if a solution of potassium fulminate is treated with excess of sulphuric 
acid, ether extracts from it a substance which with silver nitrate forms silver 
fulminate. This he assumed to be free fulminic acid. Nef,® on the other 

hand, argued that it was formyl sulphate oxime, ®®^)>C=]SrOH. Wieland and 

Hess have repeated the work, and have shown that the ethereal solution contains 
no trace of sulphuric acid, so that Nef ’s view must be wrong, and the solution 
must really contain free fulminic acid. They also showed that if the ether is 
distilled at 0®, the acid goes over with the vapour, and will form silver fulminate 
in the receiver. Hence the free acid exists in the vapour as well as in the 
solution. If the solution is allowed to stand, it rapidly polymerizes to meta- 
fulminuric acid. 

Fulminic acid is easily formed from methyl-nitrolic acid — 

= HNO 2 -t- C=NOH, 

a reaction which, as we have already seen, is reversible. It is also produced in 
three analogous reactions, from amino-methyl-nitrosolic acid ® : — •• 

= HgO N2 + C=NOH, 

’ Wieland, Hess, JBer. 42 . 1346 (1909). “ J. pr. Ch. 32 . 461 (1885). 

® Am. 280 . 316 (1894). ■* Wieland, Ber. 40 . 418 (1907). <> Wieland, Ber. 42 . 820 (1909). 
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from the hydrochloride of fonn-oxy-amidoxime ' : — 

“ NILOIMICI + C NOIT, 

.‘incl from tlio oxidation product of tiiis atrudoximoy inothyl-iutrosolic acid 

2 - noN=^Noii i- 2 a~Kon. 

Nof lias shown that there is an (‘xiraordinary resemblanco between fuhninic 
and bydrocyanie acids, which is explained if wo suppose that one is the 
hydride and the other the hydroxide of isocyanogen : HO*N=C. The 

older writers state that when a fulminate is treated with hydrochloric acid, 
prussic acid is formed, though they wore not able to isolate it. They were 
misled by the smell, which is very like that of prussic acid. This smell is 
not that of formyl chloride oxime (the actual product), but is evidently due 
to traces of fulminic acid, arising from a slight dissociation of the oxime. It 
cjm scarcely bo distinguished from the smell of prussic acid. 

But the resemhlance goes furth<‘r than this. The fulminates are nearly if 
not quite as poisonous as the cyanid<‘s, and their physiolugicai effects are 
identical. Again, Kef has succee<Iod in iireparing so<iiiiiu ferrofulminate, 
KajFe(ONC),., by treating an alkaline solution of sodium fulminate with 
ferrous suljdiate. This is strictly analogous to sodium ferrocyaaide, which 
should really be writhm Na.jFe (NC)<‘. 'flu^ sohition of the feiTofulminate gives 
none of reactions of iron, and on <ivaporation the salt crystallizes out in 
largo yellow needles. It res(unbles the ferrocyariide in giving a colour with 
ferric chloride, which in this case is purple ; and Kef states that this test is 
very dedicate. It ilitfors, how^wer, from the f o'rocyauide in helng very unstable, 
breaking tip into its constituents sodium fulminate and ferrous fulminate at 
once on losing its water of crystallization, and refusing to form the corre- 
sponding forrofuliuinic acid on treatment with mineral acids. Also it will not 
form the forrifulminate %vhen oxidizcnl with bromine watox'. 

Kef’s views on structure of tlte fulminates have received strong confirxna- 
tior from the work of Scholl and his pupils “ on the syntheses effected ]>y means 
of mercury fulminate and aluminium chloride. Thoy liml that if benzene is 
treated with moreui'y fulminate arxtl a mixture of axihydrous and hydrated 
aluxxiiixium chloride, it is converted into bonzaldoxime. This x’cauiiion is easily 
explained by Kef’s foi’muia of the fulminates, but by no other. The water of 
the hydrated aluminium chloride liboi*ates a ctu'tain ipiantity of hydrochloric 
acid, and thii^ coxnbines with the fulminic acid which it sots free from the 
mercury salt to give formyl chloride oxinu*. This then reacts with the benzene 
in the norixial maxxnor of the Friodol-Crafts synthesis, forming an oxime : — 

HO.N-C<JFj + CJI,, - IION-C\Jhj^ + 

Tlxe yield uxxder favourable conditions amounts to 70 per cent. The presence of 
the hydrated aluminium chloride is necessary to the reaction. If it is not used 
the nitrile is formed instead {up to 80 per cent.). This is not due to a dehydra- 

' Wieland, Hess, Bm\ 42. 4175 (1900). 

« Ber, 32. S492 (1899); 3®. 10, 322, 648 (1903). 
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tion of the oxime by the aluminium chloride, since it was shown that the oxime 
is practically not converted into the nitrile at all by aluminium chloride. It 
seems probable that in the absence of water the fulminic acid reacts with the 
aluminium chloride to give cyanogen chloride, which then changes over into its 

tautomeric form ; and this by the Friedel and Crafts reaction forms the 

nitrile c=n.C 1 C1-C=N + CsHo -> C^Hj-CN. 

The conditions of the reaction, which must he very carefully observed, are 

curious. With benzene the best yield is got by using a mixture of anhydrous 
and hydrated aluminium chloride corresponding to the formula AI2OCI4. But 
with the homologues of benzene, which favour the formation of the nitrile, the 
amount of hydrated salt must be increased, up to the composition AlOCl. It is 
also better to add a certain quantity of aluminium hydrate, but this seems to 
have only a mechanical action, preventing the solid salt from caking together. 
A further point is that in order to get the oxime the fulminate must be added first 
to the benzene, and then the aluminium compounds : while the reverse order 
must 1)6 adopted if the nitrile is wanted. These syntheses can also be carried 
out with the phenol ethers. 

The analogy between fulminic and hydrocyanic acids holds here as well, as 
is shown by Gattermann’s synthesis of the aldimines from phenol ethers on 
treatment with anhydrous prussic acid and hydrochloric acid in the presence of 
aluminium chloride (see above, p. 199). 

The one thing needful to establish Nefs formula beyond all doubt is a 
determination of the molecular weight. If it can be shown that fulminic acid 
contains only one carbon atom in the molecule, we have no alternative but to 
accept Nefs view as to its structure. A direct determination of this magnitude 
is impossible, but indirect evidence of great force has recently been adduced,^ 
from the electrolytic behaviour of the sodium salt in aqueous solution. The 
salt can be prepared by treating mercury fulminate in alcohol with sodium 
amalgam, and is fairly stable. On Nefs theory it is the salt of a monobasic 
acid NaONC ; on any other the acid is dibasic, and the salt Na2(ONC)2. Now 
van ’t Hoff has shown that the alkaline salts of monobasic acids in fifth to tenth 
normal solution give a value of the dissociation factor i of about 1-85, and those 
of dibasic acids about 2-5. From this it follows that if sodium fulminate is 
NaONC, its apparent molecular weight in solution should be 35, but if it is 
NadONO)^, it should be about 52. From the depression of the freezing-point 
in fifth normal aqueous solution, it was found to be 34r-9, agreeing wfth that 
required for the monomolecular formula. Again, Ostwald lound that the 
increase in molecular conductivity in passing from N/32 to N/jo^ solution, for 
the salt of a monobasic acid was from 4 to 8 units, and for that of a dibasic aci 
about 11. The observed increase for sodium fulminate was 5 units, ih^e 
results make it certain that the acid is monobasic, and has the formula HOJMO ; 
and hence Nefs view as to its structure must be adopted. 

The reactions which take place in the ordinaiy method of prepanng mercuiy 
fulminate by the violent oxidation of ethyl alcohol by a solution of mercury in 


1 L. Wohler, Ber. 38 . 1351 (1905). 
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nitric acid arc <d)Hcurc aii<I difficiili to ox|>lain.^ It has boon sliown^ that 
oxides of iiitrogoii (fmnmp; latrk acid) must bo present ; that aciitaldohyde gives 
a much largf^r yield of fulminate ihan aliudml ; and that ono-carbon bodies 
(methyl ah'.ohol, formaldcdiyde) and also and 4-rarbon comiiounds give none 
at all. Tluf explanation has Insm given by Wieknd/' He finds that inetliyb 

/mni 

nitrolic aidd^ Oil , niii bo c.oiivtnied into fulminic acid, as indeed we should 
xN*0.. 

expect, since it is the analogue id" formyl irhiorido oximo ■ 

nO-N-.0<J^j : IIO-N-^CC^h. 

It is evident that the alcohol is first oxidketl to aldoliyde (hence the latter gives 
the best yield): this is converted by the nitrous acid present into isonitroso- 
acetaldehyde, and this further oxidi:?ed to isonitroso-acetic acid. Tliis last body 
has been shown to l>e converted by nitrous fumes (by nitration followed by loss 
of <*-arbon dioxide) Into mothyl-nitrolic acid, which reacts with mercuric nitrate 
to give mercury fulminate 

CIl -CJLOn CII.-CIIO HO-lsh(;iI.ClIO nO‘N:ClICOOH 
“ lIO‘K:C(Nd,)CJOOH 110‘N:C(N0,>)I1 lIO^NiC. 

The one-carbon compounds cannot give fulminate, since it is only when the 
methyl gi'oup is united to a strongly negative grouping such as carbonyl that 
the oxides of nitrogen are able to introdu(*o the isonitroso-gronping into it. 

The peculiar reaction of the fulminates with bromine is discussed below 
(p. 230). 


Polymers of Fuhmnk Acid 


Fulminic acid gives rise to a series of polymerization products. If mercury 
fulminate is boiled with potassium chloride solution, it gives the salt of fui- 
mintirie acid, as was discovered by Liebig. This acid ^ has been shown to be 


nitrocyan-aceiamido, ^ 0 ^"^CH-CO‘NIL ; but the mechanism of its formation is 

obscure, and even its structure is disputed. 

The other polymerization products form a continuous series. If the ethereal 
solution of free fulminic acid, obtained by extracting the acidified solution of 
the potassium salt with ether, is allowed to stand, a triple polymer, originally 
known as isocyanuric acid, but now more conveniently termed metafulminuric 
acid, is produced, Thts has been shown to be isonitroso-isoxazolone : — 


3C=No1eI rC C- --C -i 

[Iron iloH NOHj 


H-c — 0- - -c=jroii 

L-M ■ 


Metafulmimiric acid. 


This polymerization brings out the resemblance of fulminic and hydrocyanic 


> L. WaUer, Thaodorovits, Her. 38. 1861 (1905). » Ber. 40. 418 (1907). 

s Ponrio, ©oa. S3, i. 610 (1808). 

. Steiner, Ber. ». 781 (1876); Conrad, Sdiultae, Ber. 43. 736; Steinkopf.ib. 2026 (1009). 
® Wieland, Hess, Ber. 43. 1846 (1909). * 
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acids as compounds of dyad carbon. It is exactly analogous to tbe polymerization 
of hydrocyanic acid in presence of alkali to amino-malonitrile 


3 


0 C C 


C- 

III 

N 


f 


H- 


NH, 


-C 

III 

N 


LNH NH NHJ 

The corresponding compounds of tetrad carbon, the nitriles, cyanates, iso- 
cyanates, and the nitrile-oxides, all polymerize to form a symmetrical 6-ring, as 
in cyamelide and cyanuric acid. 

When metafulminuric acid is warmed with water, it goes over into cyau- 
isonitroso-acethydroxamic acid, whose constitution was established by Nef 


NOH NOH 

H.C-<!-(j!=KOH ^ 0-0— 0<og®‘. 
N — O N 


This is a not unusual rearrangement of the isoxazole ring, and occurs, for example, 
with isoxazole itself, which is converted by alkalies into cyan-acetaldehyde * : — 


H0-CH=(pH 


N 0 


NCCH^-CHO. 


Finally, the hydroxamic acid derivative can be converted into the so-called 
isofulminuric acid of Ehrenberg,^ whose constitution is still unknown. 


NITEILE-OXIDES 


The nitrile-oxides, of which until recently very little was known, are deriva- 
tives of the third isomer of cyanic acid, which probably has the structure 

H-q=N 

When silver nitrite acts on bromacetic ester, a small quantity of the so-called 
oxalic ester nitrile-oxide is formed,^ by loss of water from the primary product, 
nitro-acetic ester : — 

EtO-CO-CHg-NO^ - EtO-CO-q=J -f H^O. 

The analogous benzonitrile-oxide is obtained by the action of soda on 
benzhydroxamic chloxide ^ : — 

^ 

or by the spontaneous decomposition of benzonitrolic acid ® ^ 

Their reactions have been further examined by Wieland.® They polymerize, 
with extraordinary ease, in thx’ee different ways. By themselves, or in neutral 
solution, they form double polymers of the class previously known as glyoxime- 


^ Claisen, Ber, 36. 3666 (1908). 

® Sclioll, Schofer, Ben 34. 862, 870 (1901). 
s Wieland, Semper, Ben 39. 2522 (1906). 


2 J. pr. Clu [2] 30. 88 (1884). 

* Werner, Buss, 27. 2199 (1894). 
e 40. 1667 (1907) ; 42. 803 (1909). 
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p(n-oxido,s, which, however, have now been shown ’ to 1)0 5 -rinp; compounds, and 
arts called furoxanes : - 

■ - 0-f/> 

_ II i>0. 

" o' “ N If 

’’"O'*' 

Pljvli-nyl-rnroxano. 

This polymerization enables us to (explain the singuhu' action of bromine on 
silver or mercury fulminate^ whereby dibromo-furoxane (dibromo-glyoxime- 
p(‘roxicl(*) is fornnHi* The bromine first attaches itself to the dyad carbon, as 
hydroeldoiac acid does, and then the product loses mercuric liromide 

Bn. + C-NOhg = j^j;>C-NOhg = ligBr + Br-C=X. 

\q/ 

This gives bromoTonnonitrile oxide, which will at once polymerize to the 
dibromo-furoxane which is actually obtained;— 


nur q. --x 
() 


Th-C - -Cl-Br 

il i 0 • 

N C) X 


In i)res('ncc f)l' hydn.chh.ric iicM tw<j moloculcs of bonxonitrilo-oxide combine 
in il dillVrcnt wuv, uiving dibcnz-oxo-iizoximc : — 

0 


2 qi X 






0 -N-:C 0 

Finally, in alkaline solution they giv<» anoth(*r series of pohuners, the 
trifuliniues, whic.li dillbr from the lirht two in r<;adily going back to the mono- 
molecular nitrile-oxid(‘.s. with which they are ideniicul in most of tlioir reactions, 
Tiiese })odies are probably ii*ip]u polymi-rs, and their formulae are written by 
Wielaud, on the analogy of cyanuric acid, thus : - 

0 


0 G 

0 I 1 

0-c\ /q-^0 

X. 

'() 


The reactions (Tdhc nitrilo-oxidos fall into two classes, depending on a 
preliminary is^.moric change either into a fulminate or into an isocyanate; — 

(1) C^Nd)R 
-X (2) E N-C=0. 

The production of fulminic acid from methyl nitrolic acid evidently takes place 
through the unstable foriuonitrile-oxido, which can be isojated as the triple 
j^olymer ; — 


■“^XNO, 


H-q=rX 

\o/ 


C-X-OIL 


* Wieland, Semper, Anv, 3S8. 36 (ISOS'. 

* Holloman, jRec. Trav. lo. 77 (1891) ; Wieland, lUr. 42. 4193 (1009). 
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If benzonitrile-oxide is treated with hydrochloric acid, it is to some extent 
hydrolysed to benzoic acid and hydroxylamine, which again indicates its 
character as a hydroxylamine derivatiTe : — 

^i-CO-OH + H2NOH. 

The second type of reaction, leading to an isocyanate, is commoner. Thus the 
triple polymer of benzonitrile-oxide is converted quantitatively into phenyl 
isocyanate by heating with toluene : — 

In the same way carbon dioxide and substituted ureas are always found among 
the products of hydrolysis of these compounds. 

This reaction, involving the migration of a hydrocarbon radical from the 
carbon to a nitrogen doubly linked to it, is obviously analogous to the reactions 
of Beckmann, Hofmann, and Curtius. In the case of the last two of these, 
where an isocyanate is known to be formed, it is not an improbable suggestion ^ 
that the nitrile-oxide is an intermediate product. Thus in the Hofmann reaction 
we should have : — 

ONa 

E C=]Sr-Br EaBr •+ E-C=:N E N=C=0. 
and in the Curtius reaction : — 

O ^ 

E-C-N<|!^ Na 4- E-Cr=:N -> E-N=C=0. 

The peculiar position of these bodies on the line between the hydroxylamine 
derivatives of carboxylic acids (as shown by their giving hydroxylamine und 
fulminic acid derivatives) and amine derivatives of carbonic acid (giving iso- 
cyanates and their hydrolytic products) is well explained by the oxygen bridge. 
This has the further advantage over the alternate formula E'C=N=0, that it 
accounts for their comparatively saturated character, addition-reactions (apart 
from polymerization) not taking place readily. 

TEICYANOGEN COMPOUNDS 

Neaily all cyanogen compounds polymerize with great ease to form tri- 
molecular polymers, which in most cases can readily be reconverted into the 
simple bodies. The most natural way of accounting for this is to suppose that 
the throe CN groups combine to form a tricyanogen ring, of the^orm 



A strict proof of the existence of this ring is still wanting ; but it has be*en 
shown that the tricyanogen complex has a symmetrical structure. If cyanuric 
chloride is treated with ammonia or amines, the chlorine atoms are replaced by 
NHg or substituted NH 2 groups. By regulating the quantities, the replacement 


1 however Wieland. Ber. 42. 4207. ('1909'). 
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may be made to occur in three stages, and bv emnlnvmo- <=,■,«„ • t 

methylamine, and cthylamino, we can repLe the three chforine^ 7“°“? ’ 
ammo-, methylamino-, and ethylamino-gronps respectively 
known as mothyl-eiliyl-melaniino (C..N,,) (Nin (NH-CII 0 

Willie piodnct is obtained, proving that tlie P "Kf i • 

t„i. can „„I, acJnW I ’ 

<1.™ a„„g.,,.d aWc, which ia as the wIt 

v«f 1 “^"tker substance of the group, triazine or tricyanogen hydride has 
> ct been prepared. It may have two tautomeric formiae 

H 


/C\ 

n-N N-H 


and 


/Cv 
N N 


h-q C-H 


c c 
ir 

The siniple derivaiives-llio.se wliich contain no oxygen and only have rte 

J™:x“ a“ L SrivL 

«f nitriic, am/ L!r:rU“X;f t T"”' 

nrn.lnef- Til, 1 • -‘-’"k as Jia.s been pointed out, the usual 

such a.s " cynnalkine, an amino-pyrimidine, 

CUI, 

./hV 

(TI.,.0 X 


!l 

H..N-0 


CrCJI, 


X 


.wX,Xs “wtiic f clhl'rx^ r"'" ‘'"Ti “ 

; 1 , , alkyls takes its place 

». .c olivionaly „„h- jf IP, J J , * „■ 

XT'.:-, "rr ■» -o ^ - 

/I * ^ ^ \ t i< action (jikt's a (litroivnt coiirso, and a tria^liiA 

henzonitrilo polymerizes in 

-0.^1 nott ::t^r ^ 

yields tidothyb^iwl-''''^^''"^^^ tricyanogen bo<ly which, on reduction, 

oH^-cn, 

/ ■> N-% ' 


CII,C(JL.(I n.CCl,..CII. 

\n/ “ ■ 


(TI,-CII„-(i p-CH^-Cir, 
\n/ 


™-55““wMcwr'’r"f f •>»“”* “ 

rrcpiclXd i'c t ”t r Sives emmeni. L 

Amnn„ r’ ' • ^ ^^PO^y^en^ed and saponified. 

e cyanic acid derivatives the formation of tricyanogen compounds 
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is quite general. Cyanuric acid, CsN^OgHa, the mother substance of this group 
is formed by the spontaneous polymerization of cyanic acid, and also by heating 
urea and many of its derivatives. It can obviously occur in two tautomeric 
forms, one derived from normal cyanic acid HO-CN, and the other from isocvanic 
acidH-N=C=0:— 


normal 


A. 


C-OH 


iso 


N-H 

O:(^\C:0 

h-n^n.h ■ 
0:0 


The balance of evidence is on the whole in favour of the iso (imide) structure 
for the free acid. The tri-N-ester, the derivative of this form, is the product of 
the action of diazomethane on the aeid.^ Cyanuric acid is a pseudo-acid, and 
the sodium salt, which is derived from the true acid form, shows by its beha^our 
that it has the metal attached to oxygen : from which it follows that the free 
acid must be the imide. The same conclusion has been arrived at by Hartley 
from the absorption spectra of cyanuric acid and its derivatives. 

The acid can also be obtained by heating biuret with cyanic acid : 


ySB.. 

0=0 


y-NU, yNH, 

C -0 0^:0 

NH NH 


NH 

NH /NH 


+ NH3. 


It is best prepared by treating cyanuric bromide with water. On heating it 
breaks up, regenerating cyanic acid. 

The chloride and bromide of cyanuric acid may be got by heating the acid 
with phosphorus pentahalide ; but they are more readily obtained by allowing 
cyanogen halide to stand in the presence of a little halogen or halogen acid. 
Chattaway has shown that in these bodies the halogen does not behave as if it 

were attached to nitrogen. Hence they must have the normal structure 

1 

C1-C=N'-, with the halogen on the carbon. They yield cyanuric acid on heating 
with water. 

The esters of cyanuric acid exist in four isomeric forms, as each alkyl group 

' I I I 

may be attached either to oxygen or to nitrogen, Alk*0-C^N~ or Alk*N-~C:0. 

The tri-O-ester and the tri*N-ester have long been known ; and Hantzsch ® has 

recently prepared the two mixed compounds. The tri-O-ester is obtained from 

cyanuric bromide and sodium methylate ; the di-O-mono-N-ei^ter from silver 

cyanate and methyl iodide below 0° ; the mono-O-di-N-ester from silver 

cyanurate and ixiethyl iodide at low temperatures : while these bodies if warm 

give the tri-N-compound. The constitution of these esters is proved by heating 

them with hydrochloric acid, when only the methyls which are attached to 

oxygen are saponified. The tri-N-ester can also be obtained by boiling the ki- 

0-ester with water, when it slowly changes over. 

The isomerism of the esters is repeated, at any rate as regards two of them, 


I Palazzo, Scelsi, (S'az. 38. i. 659 (0. 08. ii. 774). 
® Hantzsch, Bauer, £er, 38. 1005 (1906). 
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in ttio mercuric salts, as Ilanlzsch ^ lias shown. If sodium cyanurato is treated 
with inoreuric chloride at 0"', it lirocipitates tho t)xy^,o-m salt ; hut at 100*^ the 
N-sali is foniKKl. These salts are unibrionatdy very and quite insoluble 

HO that* their molecular weights cannot he detonnincd, nor tho products of their 
interaction with alkyl iodides ; hut they arc.* isomeric, and their formulae are 
siiificionily cistahlished by the fact that one of them is decomposed hy alkali to 
form alkaline cyanurato and nicu’curic oxide, while thc^ other is not aifected. 
This stability to alkali is a general character of compounds containing mercury 
attaclied to nitrogen, as for exam^de mercury acetamide. It is remarkable that 
though by precipitating them at temperatures between 0^ and 100° a mixture 
of tlu* two salts can bo obtained, in which there is more of the N-salt the higher 
tin* if-mperatiire, it is not found possible by any means to convert one salt into 
the other. The isomoidc salts are thus more stable than the isomeric esters. 
This may be due to the high atomic weight of mercury, which renders it difficult 
to move. 

Such cases of isomeric salts are rare ; but the silver salt of benzamide ^ has 
])r-en obtained in two forms, which are no doubt 

whib* (lie mercury salt of nitroform offers tho still more remarka]>le phenomenon 
of an actually tautomeric salt, having one structure in ionizing and another in 
n un -ionizing solvents. 

C}^amelide is an obscure polymer of cyanic acid, which may be mentioned 
here, though it does not })elong to the tricyanogen compounds in the strict 
S('n8e- It is formed hy the spontaneous polymerization of anhydrous cyanic 
a<u<l and also by tho action of carbonyl chloride on ammonia. Its slow pro- 
duction by the i^olymerization of cyanic acid in the gaseous state has been 
investigated in great detail by van T and it aifords a classical example of 

th(‘ inlluence of disturbing factors on the rate of gaseous reaction. The cyanic 
acid vapour was enclosed over mercury, and tlie rate of reaction followed by 
means of the change of pressure. It was found that the velocity was affected 
)>y tho area of the glass surface, being nearly half as great again in a long 
narrow tube as in a globe. It was also much slower at first than after a certain 
time had elapsed, and this was shown to be due to the accelerating influence 
ex(u't<ul by the layer of cyamelide on the surface of the glass : in fact the change 
was more than times as rapid in a vessel whom walls wore covered with 
a layer of cyamoiide as in a clean vessel. Both these influences were much 
diminished if the gas was diluted with air. If these disturbing influences are 
eliminated, either by obseiwing tho initial velocities at various pressures in clean 
v(*sso1b, or by using vessels already coated with cyamelide, it is found that the 
reaction is approximately trimolecukr. The structure of cyamelide was until 
recently quite unknowm, but Hantzsch ^ has been able to throw a certain amount 
of light upon it. As it is non-volatile and insoluble in the ordinary solvents, 
its molecular weight cannot be determined directly. But its effect on the 
freezing-point of pure sulphuric acid (in which it dissolves) shows that its 


' Ben 36. 2717 (1902). 

® See Studies in Chemical Dynamics. 


^ Titbcrley, /. €. S» 1897. 468. 
^ JBen 38. 1018 (1906). 
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molecular weight cannot be very high, while the fact that its formation from 
tnmolecular reaction indicates that its formula must be 
(CaN^H.Oa)... If was greater than one, we should expect to find that it was 
very much less active than cyanunc acid, which is not the case : for example 
It IS much more easily decomposed by sulphuric acid. We may thereL^ 
conclude that its formula is probably It is feebly acidic, but gives 

no salts, and is converted by alkalies into a salt of cyanuric acid. The relations 
01 tiiese bodies are shown in the following* scheme * 



Since cyanuric acid cannot be converted into cyamelide directly, but only 
through cyanic acid, cyamelide cannot have any of the possible pseudo-cyanurio 
formulae, nor can it be a stereoisomer of cyanmic acid. It cannot in fact have 
a tricyanogen (triazine) ring at all ; nor, since it forms no salts, can it have any 

group capable of forming a salt dii-ectly (as HO-C-N-) or indirectly (as HN-C=0). 
Since it gives a mercury derivative in which the metal is attached to nitrogen," 
it must contain imide groups. Hence it must be a polymer not of HO-C=N but 
of H'N=C=0, and the three molecules of this must be joined up through oxygen. 
We thus arrive at the structure : — 


HN^C' 




0 . 


'? 

C=NH 


NH 


This accounts for all tho relations described above ; in fact cyamelide is related 
to cyanic acid in the same way as paraldehyde to aldehyde ; and hence it is 
more easily converted than is cyanuric acid into cyanic acid (or carbon dioxide 
and ammonia) under the influence, for example, of acids* 


TMocyanuric Compounds 

Corresponding to the cyanuric compounds are a group of the thiocyanuric 
derivatives, in which the oxygen is replaced by sulphur. They resemble the 
cyanuric compounds so closely that they need not be described in detail. Rut 
they afford another example of the rule which holds generally among bodies 
exhibiting amide-imide tautomerism : that while in the oxy-derivatives the imide 
(NH) form is the most stable, both in the free hydrogen compound and in the 
salts and esters, the reverse is the case among the thio-compounds. Thus both 
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th« N- and the 0-est(!ra ef .eyiinuric acid are stable, bat the foi-mer are the more 
staldo, since the normal esters are slowly eonvortod into them on boiling. 
Among Iho eaters of thiocyanurie acid those relations aro reversed. Normal (S-) 
thidcyanuriii o.ster.s are easily j>i-oparod, while it is doubtful whether the iso (N-) 
esters oxint at .all. 

ITclamhics, i\c. 

As a tribasic acid, cyanuric acid can give a mono-, cli-, and triaraide ; and 
e-ach of the.se, like cyanuric acid it.self, has two tautomeric forms. The most 
iniimrtant of these bodies is the triainide, melamine 

A 

C-NIIa IIN-(j3 "(^--1^11 _ 

N^/N 11-N.^^N-H 

C-NIL AnII 

It is formed by the action of ammonia on the normal osiers of cyanuric or thio- 
cyanuric acid, or bettor on cyanuric chloride. The symmetrical trialkyl 
melamines may have threo formulae: — ■ 

N N-II N-OIT^ 

CII,-Nir.y^ ^C-NII-CIL, Cn,N:Y V-NCH, IINrAV^NH 
. II-N^^.N-H CH,.N, icH;,’ 

C-NH-CII, C^NCIIa C=NH 

The first and second of these differ only in the position of a hydrogen atom, 
and aro therefore tautomeric, while tho third is quite distinct. Accordingly, we 
find that two series of trialkyl melamines aro known. The members of one 
sex'ies aro got by acting on Ihiocy.-inuric. esters or cyanuric chloride with primary 
amines : on decomposition they give cyanuric acid and primary amines. They 
therefore possess the first or tho second formula. To di.stinguish them from the 
compounds of tho third type they aro called aco-trialkyl melamines, since the 
nitrogen of the amino group is outside tho ring. Derivatives of the third form, 
with tho amine nitrogen forming part of tho ring, aro kxiowii as cso-melaminea 
They aro obhiined hy the ixdymerizaiion of tho alkyl cyanamidos, and their 
constitution is proved hy their giving on saponification ammonia and isocyanuric 
esters. 

SmitiHfin/ 

The following suiftmary of tho polymerization products of tho different 
classes of ejumogen compound.^ nuiy ho of u.so. 

Cyanogen forms paracyanogen, of unknown molecular weight and structure. 

Hydrocyanic acid on standing in aqueous solution in tho prosence of a little 
potassium carbonate gives a triple polymer, which is probably amino-malonie 
nitrile 

' (j!N 

H-C-NHsi. 

CN 

The ordinary nitriles of the fatty series, if treated with sodium in ethereal 



Polymerization qf Cyanogen 

solution, yield double polymers whicij are imino-nitrU^^ 

cyanide gives ' ®^umple, methyl 

CH3-(j;=NH 
CH^.CN ’ 

and when treated with sodium in the absence of a soly 
tines, i. e. pyrimidines. cyanal- 

Those fatty nitriles which have no hydrogen attached + 
the GN, and all aromatic nitriles, give derivatives of the ® carbon as 
benzonitrile gives ^cyanogen ring : thus 

N 

C-^6 

Cyanic acid changes spontaneously into a mixture of 
cyanogen or triazine compound, and cyauf^ielide, a body acid, a tri- 

three carbons and three oxygens. ’ Containing a ring of 

The cyanogen halides give the halides of cyanuric aeij 
isocyanic esters give the isocyanuric esters. standing. The 

Cyanamide on heating is converted into the eorrespoj^^. 
pound, melamine or cyanuric triamide, and also into a doi cyanuric com- 
diamide, which is cyan-guanidine ® polymer dicyan- 

Fulminic acid polymerizes spontaneously to an isoxazoW ^ . 

changes to cyanisonitroso-acethydroxamic acid ; while its which 

aqueous solution form the salts of fulminuric acid or nitroe^^^^^ boiling in 

^0 iiaceami e:- 

H.O.C<gg . 

ON 

Finally, the nitrile-oxides change spontaneously into t\;^ 
l^ymers, furoxanes (glyoxime-peroxide) and oxo-azoximes : ^ c asses of double 
polymers (trifulmines) probably containing the tricyanogen ^ triple 




DIVISION III 


COMPOUNDS CONTAINING AN OPEN CHAHT OP TWO 
OE MORE NITROGEN ATOMS 

These compounds fall into two subgroups : — 

1. Those containing two, and 

2. Those containing more than two nitrogen atoms in the chain. 

The second of these subgroups is comparatively unimportant. The first 
consists of ; — 

1. The derivatives of hydrazine, HgN-NHg, including the hydrazo-com- 
pounds. 

2. The diazo- and azo-compounds, derived from the hypothetical diimide, 
HN=:NH. 

3. The oxyazo-compounds, which, though strictly speaking ring bodies, 

N- 

containing the group more conveniently dealt with here. 

4. The nitroso- and nitro-amines, and • 




CHAPTER X 


HYDRAZINE DERIVATIVES 

These may be divided into three classes: — 

1 . Purely aliphatic derivatives. 

2 . Purely aromatic and mixed derivatives, which have either only one 
aromatic group, or two attached to the same nitrogen. 

3 . Compounds containing aromatic groups attached to both nitrogen 
atoms. These are the hydrazo-compounds, such as hydrazobenzene, 

Their behaviour is so different from that of the other members of the group 
that they must be dealt with separately. 


PATTY HYDRAZINES 


The primary alkyl-hydrazines may be obtained by the action of alkyl 
halides on free hydrazine, or from the mono- or symmetrical di-alkyl ureas by 
conversion into nitroso-compounds, and reduction with zinc and acetic acid to 
hydrazine-ureas or semicarbazides, which are then hydrolysed with fuming 
hydrochloric acid: — 


CO 


-NH-Et 

-NH*Et 


CO 


NO 
Et 

-NH-Et 


.N<: 


CO 


-NH-Et 


+ CO2 

NHEt 

+ NH3-Et 


They are very hygroscopic, strongly basic liquids. They smell like ammonia, 
and are corrosive, rapidly destroying cork. When warmed with potassium 
pyrosulphate, KaSgO,, they give salts of the hydrazine sulphonic acids, such as 


Et-NH-]Sr<^^ If this body, the potassium salt of monethyl-hydrazine 

sulphonic acid, is oxidized with mercuric oxide, it is converted into diazo- 
ethane-sulphonic acid, C2H5-N=]Sr-S03K, one of the very few known instances of 


a fatty diazo-compound of the aromatic or true diazo type. 

The secondary fatty hydrazines were obtained by Emil Fischer by the 


reduction of secondary nitrosamines : — 


Et2N-N:0 EtaN-NHj. 

They may also be obtained by the direct action of alkyl iodides on hydrazine 
hydrate. In this reaction it has been shown that the alkyl groups attach 
themselves only to one of the two nitrogen atoms : the products, for example, 
from hydrazine and methyl iodide being CHs'NH— NH2, (CH.3)3l'r— NII2, ariS 

finally (GH3)3NI-NH2.^ , , - v 

The secondary alkyl-hydrazines, like the primary, are strongly basic hygro- 


1 Harries, Haga, JBer. 31, 56 (1898). 
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scopic liquids, which are easily soluble in water, 
into secondary amines and nitrous oxide : — 


Hydrazine Derivatives 

Nitrous acid converts them 


Et.>N 


NH, 


HO 

0:N 


lift + Et^NH + Kp. 


Like all hydrazines they are easily oxidized, and hence are strong reducing 
agents. Mei^curic oxide converts them into tetrazones, such as EtgN-N^N-^NEtg , 
which are strongly basic liquids. 


AEOMATIC HYDEAZINES 

The aromatic hydrazine derivatives were the first to be discovered, and are 
by far the most important. Our knowledge of them, as of the fatty compounds, 
is mainly due to Emil Fischer. The first member of the group was prepared 
by Strecker and Burner in 1871, by the action of potassium hydrogen sulphite 
on diazobenzene nitrate : — 

0-N2*NOi^ -b KHSO3 0NH-NHSO3K. 

In 1875 Fischer showed that this body on boiling with hydrochloric acid 
gave phenyl-hydrazine iiydrochloiude, and by treating this with alkali he prepared 
phenyl-hydrazine itself, one of the most important reagents in the whole of 
organic chemistry. 

Fonmtion 

The primary and secondary compounds are both obtained from the corre- 
sponding amines by replacing one hydrogen attached to nitrogen by NHg, and in 
both cases by treatment with nitrous acid and subsequent reduction. With 
the primary amines the diazo-compounds are first produced, and these can then 
be reduced in three ways : — 

1. With stannous chloride in hydrochloric acid solution, giving the hydrazine 
hydrochloride directly. 

2, They can be coupled with potassium hydrogen sulphite, forming the 

dmzo-sulphonate and then reduced with excess of sulphite, or 

better with zinc dust and acetic acid, to the hydrazine-sulphonate 

^-NH-NH-SOaK, 

which is subsequently hydrolysed by boiling with acids. 

8. The diazo-compound is coupled with an amine to form a diazoamino- 
body, which is then split by reduction 

0-N=N--NH-^ -b 4H « ^-NH-NHs + 

4. They m^y also be obtained' directly from the phenols (and still more easily 
from the naphthols) by heating them in aqueous solution with hydrazine sulphite 
and excess of hydrazine hydrate z— 

Ar-OH -b HgN-NHs, « Ar-NH-NH, -b Bp. 

This reaction corresponds exactly to the conversion of phenols (and more easily 
mpMhols) into amineSp 

5. The less important secondary hydrazines are prepared by reducing the 
nitrosamines with sodium amalgam, or better with zinc and acetic acid in cold 
alcoholic solution* 


* Franzen, J, pr» Ch, [2,] ItB, 205 (C* 07. 5i 1337). 
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Properties of the prkna/ry o/nd, secondary aromatic hydrasvnes 

They are colourless liquids or solids, of a 'feebly aromatic smell, which are 
easily soluble in alcohol and ether, but only slightly in water, and scarcely at 
all in concentrated alkali. They are decided mohacid bases, forming salts with 
mineral and some organic acids. Unlike the primary fatty hydrazines they will 
not form salts with two equivalents of acid, but only with one. Secondary 
aromatic hydrazines, such as will form salts with one equivalent of 

acid, but these are partially decomposed by water. This is like the behaviour 
of the secondary aromatic amines, and is a sign of the negative character of the 
phenyl group. It is practically certain that it is only the NHg group which 
takes part in the formation of these salts. On the other hand, the hydrogen of 
the NH group in phenyl-hydrazine can be replaced by an alkali metal. Sodium 
dissolves in phenyl-hydrazine, evolving ammonia and producing aniline. That 
is, the hydrogen driven out from the first molecule of phenyl-hydrazine reduces 
a second molecule. On evaporating off the aniline, the sodium compound, 
^•NNa-NIl 2 , remains as a yellow-red transparent mass, absorbing moisture from 
the air to form sodium hydrate and phenyl-hydrazine, and giving with ethyl 
iodide unsymmetrical ethyl-phenyl-hydrazine, ^fiEtN-NHg. 

The^ aromatic hydrazines are very easily oxidized. It is probable that the 
first o:ddation product of a primary hydrazine is a diazo-compound. Phenyl- 
hydrazine sulphate can be partially converted by mercuric oxide into benzene 
diazonium sulphate, ^•N=N-S 04 H. Chattaway has shown ^ that aU primary 
aromatic hydrazines are oxidized by chlorine at -15°, or by bromine in acetic 
acid solution, to give diazo-compounds ; and he suggests the following series of 
reactions to account for the change : — 

E-lSr-H E-N-Cl . E-N-Cl 

H-N-H H-N-Cl ^ 11 - 

Further oxidation ® by means of copper sulphate or ferric chloride, or by bromine 
in presence of alkali, or even by atmospheric air, especially in the presence of 
alkali, removes all the nitrogen as nitrogen gas, while the aromatic radical is 
reduced to the hydrocarbon ; — 

Ar-NH-NHj + 0 = Ar-H + + Hf). 

This reaction may be used for deteimining a hydrazine quantitatively; and it also 
affords an indirect means of replacing the diazo-group by hydrogen. Chattaway® 
explains it in a similar way to the formation of a diazo-compound : — 

E-ljr-H E-N-H E N H 

I — > — > { Ill 4. I . 

H-N.H H-N-OH H N OH 

The intermediate compounds assumed in these reactions have not, however, been 
isolated. , 

Secondary aromatic hydrazines behave differently. Glentle oxidation, as in 

“ Chattaway, J. C. S. 1907. 1323 ; 1900. 1065. 

’ J. 0 . 8. 1908. 270. 


* J. C. 8. 1008. 852. 
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HydTazinc J)c}'ivativc6‘ 


2ArJS-m.. + 0 .. 2A..mi 

An exception to this rule, which otlierwise holds both for fnH . 
derivatives, is presented by dihenzal-hydrarine (6.G11) l 
as oxidized by mercuric oxide, it does not ^.^^0 When this 

and forms dibenzyl : — ® tetia/one but loses its nitrogen 


TCtT 


0 


i>-GIL. + H2O. 


T xt, 

i r r r- - 

mtrog.„a„d Wme. omlaton „f pl.e„yl.iyd„,,„, ^ 

-p® 

Nascent mlrou. add acts on th, primary hydrazine^ t”w ■tcmp.ralmcs 
form vary mrstable mWdoriyatiyos,. ,„ch . u^NH, , . f 

' ^ "\NO ' on gentle 

arming „iih alWi lose .mtor m.d pass into addos, 0 .n'T 


When heated with fuming hydrochloric acid to onno^ -l , , , 
converted mtop-phenylene diamine;— ’ ^^^“y^'^y'^nazine is 

^nH.vNH-NH,, = C|.H,fNH 1 

the usual migration of a substituent from the NH of ’ -i • 

1,2,4-dinitro-phenyI-hydrazine IT 7 if ^ 
which it is aeetylated.’ It is sufficiel^t ^ or the extraordinary ease with 
aqueous acetic acid to obtain the acetvl i ° tiighly diluted 

The mono-alkyl derSXlt 
metrical (/i) and the unsymmetrical L S 

the mono-alkybanilines byconversion into n L“ '''' «« got from 

sodium phonyl-hydrazinolnd alkyl iodide IfTb“'Tf T 
with alkyl bromide, a mixture ofthe f ! i ? y^J»y<irflame itself is treated 
wparate the /i, the mixed product^ ox'idivff/tT^^ <JerivativG8 is obtained. To 
thus converted into the unstable ' basiV *■ f * mercuric oxide : the a-body is 

«iv.. a miarf azo-compoZ S " ““ (.ymmotriL) 

indifference to acids can eas/lT ^ from its volatility and 

The dialkyl deilXeni^go't ST tf 
manner. The Siono-derivative i? If f f “-“®no-alhyls in the following 
heating with formic acid - the sod' formyl-hydrazide by 

alkyliodide, which gives the dialfcl^ <3envative of this is then treated with 
the dialkyl/aryWiydml tl^^ saponification gives 

..J 


OH, 




"\CHO 


OH. 


OH... 


0. 

CH, 


>M<| 


CH,. 




'Na 

OHO 


-H 


Bngoh, Weias, i?cr. 33. 2701 (1900). s Of Ti ■ i i, 

■ 0«.., M.,.,, 4,. ffl. [,J “»«• 
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These bodies, when boiled with alkyl halide, are mainly converted into the 

4][uaternary azonium compounds, as 

<p\ 

dL-m-ICR-CM-, 

cX/ 


but also to some extent into the tri-alkyl-aryl-hydrazines, such as 


CH. 


f /IN 


Tetra-aryl-liydrasines 

Tetra-phenyl-hydrazine was first obtained ^ by the action of iodine on the 
sodium derivative of diphenylamine, ^^gN-Na, but it and its analogues can be 
prepared more simply by the oxidation of the diarylaniines with lead dioxide or 
potassium permanganate.^ 

These bodies are remarkable for giving brilliant colours with mineral acids ; 
in fact it is to the production of tetra-phenyl-hydrazine that the blue colour 
formed in the diphenylamine test for nitric acid is due. These colours do not 
depend, as was at first supposed, on the si^litting of the molecule between the 
two nitrogen atoms, since under proper conditions the hydrazine can be recovered 
unchanged. The coloured bodies are therefore coloured salts of the colourless 
hydrazines. Similar coloured compounds (not double salts) are formed by the 
addition of the halides of phosphorus, tin, iron, aluminium, and zinc. To account 
for their colour Wieland suggests^ that they contain a quinoid ring, and are in 
fact quinol derivatives : for example, the body obtained from tetra-tolyl-hydra- 
zine and hydrochloric acid may have the formula ; — 


01 


CH,.CnH/T W\ 


^G-n .4 


CH3 

H , 


CcH4*CH, 

At first this seems impossible, since the quinols have no colour. But quin one 
diimine, is itself colourless, while its derivatives of the type 


Alk2\^-_^ TT 

^\Ac ’ 


in which the nitrogen has become pentad, and has no hydrogen attached to it, 
are brilliantly coloured ; and we may well suppose that a similar change would 
produce a coloured compound from a colourless quinol. 

These coloured derivatives are especially stable in the case of teti’a-tolyl- 
hydrazine, and it is to be noticed that the stability of the quinols^themselves is 
greatly increased by the presence of a para-methyl group. In the case of tetra- 
phenyl-hydrazine they soon decompose and lose their colour. The compound 
splits between the two nitrogen atoms, no doubt primarily thus : — 

/Cl 

XHs 


* For a remarkable case of sterco-bindrance in the reaction of the hydrazines with the chloro- 
fatty acids see Busch and MeussdorfEer, J.pr. CJ^. [2] 75. 1035 (C. 07. i. 121). 

“ Chattaway, Ingle, J. 0. S. 1895. 1090. “ Wieland, Gambarjan, Ben 39, 1499 (1906). 

‘ Her. 40. 4260 (1907). 

1175 ” B 
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Hydrazine Derivative!} 

Tlw‘ (liplioiiylamiae can actually be Isolated ; the second half of the molecule 
d( ('omposos fiirilKU’,' ji,dving mainly a diphonylamino derivative : — 

^,N-ci + ir-o-N0b<A -> iici + [0 .,n-o-nci<^ -^] 

-A^N-O-N-OGl. 

ACID IIYDRAZIDES 

Those bodies arc dorive<l from the acids by re 2 >lacing the hydroxyl by the 
hydia/ine lesiduG) as in • They thus correspond totheamides. 

They can be obtained from inorganic as well as organic acids. 

Thionyl-phenyl-hydrazone, ^KH-N=S=:0,, is a kind of dihydrazide of sul- 
phurous acid. If sulphur dioxide is passed into a solution of phenyl-hydrazine 
in benzene, the additive compound (^NII-NH^l.ySOo is preeiiiitated ; and this on 
heating loses water to give the thionyl-hydrazone, a very stable substance which 
is volatile without decomposition in steam, but is easily broken up by 
alkalies, re-forming phenjd-hydrazine and potassium srdphite. The hydrazido- 
sulphonic acids, as <;!>XI1-NII-S0,,II, which are intermediate products in the 
reduction of dijtzol>onzen(vsulplionic acid, are half-hydrazides of sulpliuric acid. 

Tiio liydrazide.s of tho fatty acids are of two kinds, a and /3. In the a the 
acyl is attached to the same nitrogen as the phenyl ; in the or symmetrical it 
is on the other nitrogen atom. 

The a (nnsymmetrical) hydra/ides may be obtained by the action of an acid 
chloride or anhydride on sodium phenyl-hydrazine, or by treating /?-acet- 
phenyl-hydrazine with an acid cliloride, which gives an a-/?-di-acyl compound, 
f N-NITCOm. 

^ i and then boiling with dilute sulphuric acid, which splits off 

the /3-acyl group, and leaves the fit- untouched. The a-compounds are distinguished 
from the /?• by not giving the so-called Btllow reaction — a colour with a trace of 
ferric chloride in concentrated sulphuric acid. 

The /3- or symmetrical hydrazides are the pj*oduct of the direct action of 
I>henyl-hydrnzino on tho acid chlorides, anhydrides, or amides. With one or 
two exceptions, such as 2>-tolyl-hydrazide, they give a red or violet colour in the 
Billow reaction. 

Mercuric oxide oxidizes them in chloroform solution to give red unstable 
bodies, which evolve nitrogen and are apparently diazo-compounds, such as 
^•N=N-C0*CH?3. 

Many acids react so readily that even on warming with a solution of phenyl- 
hydrazine in acetic acid they precipitate the hydrazide. This is particularly the 
case with the highly oxidized acids of the sugars, where this reaction affords 
a valuable method of separation, as the hydrazides are easily purified, being only 
slightly soluble, and can then be broken up apin into their components by 
boiling with baryta. 


1 Wieland, BeK 4X. 3478 (1908). 
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HYDEAZONES 

These are among the most important derivatives of phenyl-hydrazine and its 
analogues. They were discovered by Emil Fischer in 1883. They are of great 
value for characterizing compounds containing the carbonyl group. They are 
produced, as a rule, very easily — generally by warming the carbonyl compound 
with free phenyl-hydrazine in acetic acid solution — when the two condense with 
the elimination of a molecule of water : — 

® >0=0 + ® >C=N-NH0 H^O. 

The rate of forniation of the phenyl-hydrazones of a variety of ketones in 
a variety of solvents has been investigated by Petrenko-Kritschenko.^ The 
results are not easy to reduce to a system, but the general conclusions are ( 1 ) that 
the formation is most rapid in acetic acid solution, the other solvents coming in 
the order ligroin (hexane) — nitrobenzene— benzene, the last being the slowest ; 
and ( 2 ) that the ring ketones, such as hexamethylene ketone, are, except in 
acetic acid solution, much more rapidly acted on than the open-chain compounds. 

■ The phenyl-hydrazones may conceivably have any one of the three formulae : — 

I. E>c=N-ifH#. n. ® >0<|> in. 

Formula III is excluded by the fact that ethane-azo-benzene, 
which has this structure, and is obtained by oxidizing ethyl-phenyl-hydrazine 
with mercuric oxide, is* different from the phenyl-hydrazone of acetaldehyde. 
Formula II is impossible because the unsymmetrical secondary hydrazines, 
RRiN-NHq, also form hydrazones, the body obtained from benzaldehyde and 
unsymmetrical phenyl-ethyl-hydrazine, 0 Et]Sr-]SrH 2 , which must have the struc- 
ture I, being identical with that got by ethylating benzaldehyde-phenyl-hydrazone. 
We .are therefore left with the first as the only possible structure for the 
hydrazones. 

The hydrazones, when treated with Fehling's solution, evolve no nitrogen, 
whereas, as we have seen, hydrazines evolve all their nitrogen under these con- 
ditions. This fact may be made use of to determine the carbonyl group quanti- 
tatively. A known weight of phenyl-hydrazine, in excess of that required, is 
added to the carbonyl compound, and the excess determined by measuring the 
nitrogen evolved on treatment with Fehling’s solution. 

On warming with acids the hydrazones are broken up hack again to a greater 
or less extent, but seldom quantitatively, into ketone or aldehyde and phenyl- 
hydrazine. The best way of obtaining a carbonyl compound from a hydrazone, 
which is sometimes important when it is used for a separation, is to treat it with 
an aqueous solution of pyroracemic acid, when the hydrazone group migrates 
from the one compound to the other : — 

® >0=:N-NH9i + OECjCO-COOH == g^>C=0 + CH3 C<^qq§'^. 

» C. 03. i. 1129 ; ii. 491. 

1 B 2 
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Hydrazine Derivatives 


Th© hjilrazoiies of fatty (not aromatic) carbonyl compounds add on hydro- 
cyanic acid to give hydrarido-nitrilos : — 

+ II-CN ~ CN ■ 

By ciirpftil reduction they can sometimes be converted into hydrazido- 

compounds'* :~ 

^6.KH--N-cn-COOH 0.NH-NH.CIL.COOn. 

Stronger rcxlucing agents convert them at once into a mixture of amines 


(CHh).C=:N.NH.^ 4- 4 II - (CH,),CH-NH, 4- 
This is Tafehs method of preparing amines. The reducing agent used is either 
sodium amalgam and acetic acid in alcoholic solution, or, more recently, 
electrolysis in sulphuric acid.^ 

Gentle oxidation^ vrith amyl nitrite converts the phenyl-hydrazones into 
liydrotetrazones : e. g. 

^"'hese bodies give a brilliant red solution in sulphuric acid. This is probably the 
origin of the Bolow reaction, a bright red or yellow colour which all hydrazones 
give when treated with a ciystal of ferric chloride or potassium bichromate in 
roncentrated sulphuric acid. 

When they are heated with zinc chloride they give off ammonia, with the 
[production of indol derivatives, a reaction which has not yet been satisfactorily 
explained ; — 


^&.NII~N=0 


b/CH, 


0 :gi>c.oH.. 

./CH, 


9!)-Nn-N=cH-cH,-cH;, -> Q; 


A 

,CH . 
\ / 


A large number of phenyl-hydrazonc*s have been found to occur in two more 
or less stable modifications.** In all these cases the bodies are of the type 
Ar*j\II-N—CKRi, while no such isomerism is observed in the derivatives of 
symmetrical ketones of the type Ar^NH'-N^CR^- It is therefore probable that 
the two forms are stereoisomers, corresponding to the storeoisomeric oximes: — 


R.GEx E-GRx ^ E^C-Ex 

HO-N ’ , N-OH ' Ar-NH-N ’ il-NH-Ar' 

The other possiMe isomeric formula, that of the azo-compounds, ArN=N*OHEEj, 
is excluded by the fact that in many eases these bodies are known as well as the 
two forms of the hydrazone, and that they are coloured. 

In the case of the derivative of cyanacetic ester, Ar-NH--lf=O<(00Q£ , 

Hantzsch and Thompson * find that in the a-modification the hydrogen attached 
to the nitrogen is more acidic than in the /?-, and more easily replaced by the 


^ Cf, Sclilenk, J. pr. Ck [2] m* 40 (1908). 

® Tafel, Ffeflfermana, a oa. i. 1207. Cf. Ber. 33, 2209 (1900). 
s Cl Lockemann, Liesche, Ann. 34a, 14 (1905), ^ Jen 38, 2266 (1906). 



Mydrazones 


249 


acetyl group. They hence assume that in the a- this hydrogen is nearer to 
the acidifying ON group than in the other:— 


NC-C-GOOE . NC-C-OOOR 

a II : /3 11 

Ar-NH-N ^ N-NH-Ar 

This explanation is ingenious and probable ; but it is to be noticed that the 
assumption is made here for the first time that the chemical influence of one 
group on another (as distinguished from the reaction of one group with another) 
is determined by their stereo-chemical distance apai-t. 

/U 

The hydrazone of acetaldehyde, , occurs in two forms, ^ 

melting at 9S^ and 57® respectively. Here the azo-compound, 
is known, and is quite distinct. The isomerism of the hydrazones, as described, 
cannot be reconciled with any theory ; for each is supposed to be the stable form, 
and one passes over into the other when treated with a trace of ammonia, while 
in presence of a trace of sulphur dioxide the reverse change takes place. It is 
evident that the two differ but little in stability, and that they are near their 
transition point, but the facts require further investigation. 

Acetaldehyde-phenyl-hydrazone is formed from the isomeric ethane-azo- 
benzene by the action of strong acids ^ ; and there is some reason to think that 
alkalies effect the reverse change. The azo-compound is red ; and it has been 
suggested ^ that the red colour which many hydrazones assume on standing, and 
especially on exposure to light, is due to the change into the azo-compound. The 
ultra-violet absorption of the product supports this view.^ 

Para-nitro-phenyl-hydrazine” combines with acetone with such readiness, 
giving an almost insoluble hydrazone, that it can be used for the quantitative 
determination of acetone in methylated spirit, the spirit being treated \vith the 
hydrazine in acetic acid solution, and the precipitate filtered off and weighed. 

The compound obtained from acetoacetic ester and phenyl-hydrazine is not 
a true hydrazone but a derivative of the enolic form of the ester. It must be 
phenyl-hydrazo-crotonic ester, since on oxidation it gives benzene-azo-orotonic 
ester. When warmed in vacuo to 200® it loses alcohol and forms phenyl- 
methyl-pyrazolone 


CH, 

COOEfc 


CH3 

C-NH-NH0 

CH 

COOEt 


OH3 

C— NH* 

II >N-^' 

Hc— qo 


If the pyrazolone is treated with methyl iodide, the hydrogen atom marked with 
a * is replaced by methyl, giving diinethyl-phenyl-pyrazolone, which is antipyrine. 
This is the method used for the commercial preparation of this substance. 

Compounds containing two carbonyl groups in the molecule can give both 
mono- and di-hydrazones. a-dihydrazones are known as osazones. These bodies 
are of great importance in the chemistry of the sugars, and are there orme y 
a pecuHar reaction. The sugars have a hydroxyl group attached to eveiy carbon 

» Lockemann, Liesoke, Ann. 342. X4 (1905). » E. Fischer, J- 

» Chattaway,V. C. S. 1906. 462. ‘ Baly, Tuck, A 0. S. 1906. 982. 

® Blanicsma, van Ekektein, Eec, Tmv. 22. 434 ifi- 04. 1. 14)* 
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atom but one, that oiu^ having a carbonyl group in ibe form of ketone or 
aldehydes On treatment with phoriyl-bydrazino the carbonyl forms a liydrazone 
ill the nonmil mannex*. Bxit if ex<ms of pIionyl-byclKizino is used and tiie 
mixture warmed in acetic acid solutioxx, the rcuieticm goes further. Axiother 
molecule of the hydrazine removes two Jiydrogon atoms from the next CHOH, 
converting it into CO, which condenses with a third molecule, while the 
hydrogen removed reduces the phenyl-hydrazine into aniline and ammonia. 
For example:-— 


cir/)ii 

(CHOH). 

gnoii 

HC=0 


CH.OH 

(CHOH), 

CHOH 

HC=N-Nn<;& 


(pmi-mi.. 



CII„OH 

1 ■ 


(^n,OH 

(CHOU):, 


(CHOH), 

C-0 

i 

+ Nil, 





HC=^N-«NH0 


The corresponding ketose, CIIo0n-(CII0II)3*C0-CH20H, gives the same 
osazone. Tiie importance of those osazones in the chemistiy of the siigai*s is due 
to the fact that they are almost insoluble in water, whereas the hydrazones are 
very solid >le. They can therefore be easily separated and identified by means of 
thoir melting-points, &c., whei'oas the sugars themselves are often difficult to 
cxystallize, and so can neither be pmdfied nor identified directly. 

Many osazones, when treate<l with ferric chloride in alcoholic solution, give 
a red colour, by wlxich they can be distinguished. This is due to their oxidation 
to osotetrazones ; — 

GlLsQ^lS-mLi> ^ 


Besides the usual method of forming hydrazones— by the action of a carbonyl 
compound oix phenyl-hydrazine— there is another which is commonly assumed 
to lead to the px'oduetion of hydrazones (tlxough this is not certain), and which 
is in any case of great theoretical interest. This eonsisis in the action of diazo- 
compounds on open-cli^in bodies containing an acidic methylene group : that is, 
a CH^ attacheebto negative groups such as NO^, CO, or COOEi Thus the 
primary nitroparaffins, /3-keto-esters, malonic ester, t%c., combine with diazo* 
bodies to form derivatives which were at first supposed by their discoverer, 
Y* Meyer, to be azo-compounds: — 

COOEt COOEt 

- CHg + - CH.N=N^<^ + H^O. 

COOEt COOEt 

But V. Meyer found that this compound gave on saponification an acid 
identical with that obtained from mesoxalic acid and phenyl-hydrazine, which 
one would assume to be a hydrazone : — 
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H^O. 


COOH COOH 

0=0 + n^-N-BILip = C=N-NH^ + 

COOH COOH 

It was therefore evident that in one or other of these reactions an intramolecular 
change occurred. The question of the structure of these bodies was for a long 
time disputed. It is certainly a strong argument in favour of the azo-formula 
that they are all brightly coloured, as are all azo-compounds but no hydrazones. 
On the other hand, if the aeetoacetic ester derivative, for example, is an azo- 
body. 


an analogous compound. 


COCH3 
^■N=]Sr-CH , 
COOEt 


CO-CHs 
^6-N=N-C-CH3 , 

COOEt 

should be formed from methyl-acetoacetic ester. But as a fact methyl-acetoacetic 
ester reacts with diazobenzene in quite a different way. The acetyl group splits 

/CH 

oS and the phenyl-hydrazone of pyroracemic acid, ^-JSTH-N^C^qqq is produced. 


The breaking of the carbon chain is most easily explained if we suppose that 
the divalent hydrazo-residue has to make a place for itself on the carbon by 
turning out not only the hydrogen but also the acetyl. It will be shown, 
however, that in bodies of this type the acyl groups have unusual mobility. It 
has been advanced in favour of the hydrazone structure that these bodies give 
the Billow reaction for hydrazones ; but in strong sulphuric acid, which is used 
in this reaction, tautomeric change is obviously probable. 

The mechanism of these reactions, and the nature of the products, have been 
elucidated by Dimroth. The bodies which react with diazobenzene in this way 
are all such as exhibit keto-enolic tautomerism. Dimroth ^ selected cases (such 
as his own triazol derivatives, Claisen’s mesityl-oxide-oxalic ester and triacyl- 
methanes, and Knorr’s diaceto-succinic ester) where the two tautomers can be 
separated, and where it is known that under the conditions of the reaction one 
tautomer does not go over into the other ; and he showed that in every instance 
the enol form reacts with diazobenzene and the ketone does not, and further 

that the enol reacts even in bodies of the type 7 where there is no 

hydrogen attached to the carbon next to the COH gr9up. The combination 
with the diazo-compound may thus take place in either of t'^o ways: — 


(1) 

-C-OH 

11 -f- 

-C 

HON^N-K 

f./OH 

“V^OH 

C-N=N-E 

1 

-0=0 

_C-N=N-E ’ 
1 


-C-OH 


-C-0-N=N-E 

-(^=0 

(2) 


HON=N.E -> 

-? 

-* _c-N=N-E- 

1 


Further investigation® showed that the reaction takes the second course. 
For example, we may take the case of tribenzoyl-methane. The keto-form of 
1 Ber. 40. 2404, 4460 (1907). ® Dimrotli, Hartmann, Ber, 41, 4012 (1908), 
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this •will not react. The enol fonn r-oacts easily, forming a yellow body, which 
should he an O-azo-corapound with the structure 

^.C.O-N=N-^& 

For if it is boiled with alcohol it breaks up into tribenzoyl-mcthane, nitrogen, 
and benzene, while the alcohol is oxidized to aldehyde. Tiiis is the behaviour 
of a diazo-(dher, as are also its other properties : it couples with a-naphthol, it 
gives a diazoniuin salt w^rth hydrochloric acid, and it reduces to phenyl-hydrazine, 
in all cases with regeneration of tiibenzoyl-methane. It should, however, be 
noticed ^ that all these reactions only show that the body is not a C-azo-com- 
pound : they do not x>rove it to be an 0-azo-compound. They are quite compatible 

-C-O-N-E 

with its being a diazonium salt, ill . 

N 

If the dry substance is heated, it first turns red, and then colourless. The 
red substance is unstable, but can be isolated. It must be an N-azo-derivative ; 
the group is firmly attached, and the body will neither couple with naphthol 
nor form a diazoniuin salt with hydrochloric acid. On reduction it gives 
a leueo-eompound, which is the corres|>onding hydrazo-body. The white sub- 
stance, inado by heating the red or by acting on it with acid, is a hydrazone, 
and on reduction gives benzanilide. The whole reaction is therefore : — 




€-0'N^N.c6 
!1 ^ 
0 



0=0 

C^E:: 




1> 

^=0 

00 CO (^0 <j^0 

<j> <i> (p ^ 

Azo- (red). Hydrazone (colourless). 

On treatment with sodium ethylate all these three compounds split off 
benzoic acid ami form the x‘honyl-hydrazone of dixdienyl-triketone. We may 
suppose that the reaction takes place thus: — 

<p 

q=o 


0-0-N=N-fli> 

II 

V 


CO 


r 


(j!0 


r 


C-n=N-ip 

'^0 



<P 

OH 


:N-<^ 


! 


0 


I 

<P 

r 

II-C-N=N4 

<|!0 

9 


^=0 

<j!=N-NH^6 , 
CO 


^ Cf* Auwers, 41. 4304 (1908). 
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the analogous series of changes taking place after the loss of one benzoyl group, 
with the difference that the reactions which require a measurable time in the 
former instance now occur instantaneously, ^ 

If we start with dibenzoyl-methane, we must suppose that the lower series 
of compounds are formed, and that the only product which can be isolated is 
the hydrazone. 

These experiments show that as far as the acylated compounds are concerned, 
the hydrazone is the stable form. All attempts to convert the hydrazone back 
into the azo-body were unsuccessful. We may, therefore, fairly assume that 
in those compounds which have a hydrogen atom instead of the acyl group the 
hydrazone is still the stable form, and that the only difference will be that in 
this case the change will be more rapid. Hence the compounds formed by the 
action of diazo-bodies on substances with an acidic methylene group must be 
regarded as hydrazones. 

This result, which seems beyond dispute, is particularly remarkable in view 
of the fact that, as we shall see later, in the aromatic series (oxyazo-compounds) 
the revei'se is the case, and the stable form is the azo. 

The readiness with which azo-compounds and hydrazones go over into one 
another (of which we have already had an example in ethane-azo-benzene and 
acetaldehyde-phenyl-hydrazone) is shown in the derivatives obtained from diazo- 
benzene and tzdacyl-methane.^ If they are allowed to stand in indifferent 
solvents or heated above their melting-points, they lose their colour and pass, 
with the migration of an acyl group, into substances which are undoubtedly 
acyl-hydrazones : — 

0.N=N-C(CO.CH,)3 -> ^jj^ (,g>N-N=0(C0.CH3)3. 

This mobility of the acyl group weakens the argument from the behaviour of 
methyl-acetoacetic acid. 

The formulation of these bodies as hydrazones brings out the resemblance 
which exists between hydroxylamine and phenyl-hydrazine on the one hand, 
and nitrous acid and diazobenzene on the other. We have seen that there are 
two ways of making oximes: the normal method, by the action of hydroxyl- 
amine on a compound containing a carbonyl group: — 

>c=o + HsisroH = >c=]sroH + H 2 O, 

and a second method, by the action of nitrous acid on bodies containing an 
acidic methylene — 

>C=H2 + 0=]SrOH - >Cfc=NOH + H 2 O. ^ 

The two are so to s]>eak reciprocal ; in the first the doubly linked oxygen is on 
the carbon and the Hg on the nitrogen ; in the second the oxygen is attached o 
nitrogen and the hydrogen to carbon. 

* Exactly the same relations hold in the case of the hydrazones, which i er 
from the oximes only in having the OH of the ;N'OH replaced by ISTH^, Cor^e 
spending to the normal formation of oximes from ketone and hydroxylamine is* 
the formation of hydrazones from ketone and phenyl-hydrazine : 

>0=0 + H^N-’NH-^ = >C=N-NH0 + H 2 O, 

^ Bimroth, Hartmann, Ber. 40. 4460 (1907). 
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and correnponding to the actioxi of nitrous acid on tlxe inoiliylenc group that of 
diazobon 2 one, which also only occurs when this group has acidic properties, and 
which may be written : — 

>0Ho 4- 0{N-mi<p ^ + 11,0, 

•so as to bring out the analogy* A further point of resemblance is that in both 
classes of reactions— with nitrous acid and with diazobenzene— we get under 
similar conditions a breakage of the carbon chain, as is shown in tlie acetoacetic 
ester group 


With acetoacetic ester : 

CH,-C^O CH,-C=0 CH;rC:=:0 

6=]SrOH CH, 

OOOEt COOEt COOEt 

With acetoacetic acid: 

CH,.C=0 CH;pC:=0 CH,;C::^0 

H.C~NOH 'CH, -> H.C=N»NH^. 

4- CO, COOH + 00, 

With mothyl-acetoacetic ester : 

Clla-COOII CH.J-C::::0 CII,rC00H 

oii,*c::::^Non cn,*c.n ch3-c=n-nh^. 

COOEt COOEt COOEt 


IIYDRAZO-COMPOUNDS 

The hyclrazo-compounds are those hydrazine derivatives in which one 
hydrogen of each NH, is replace<l by an aromatic radical. Their behaviour 
differs in many respects from that of the other hydrazine derivatives. 

They were discovered by Hofmann in 18GS. They are obtained by the 
reduction of the nitro-compounds in alkaline solution, for example by the action 
of zinc dust, or by electi’olysis. A remarkable method of forming them is by 
the action of ehloro-dinitro* or chloro-trinitro-benzene (in which the chlorine is 
mobile) on phenyl-hydrazine : — 

(N0,),C«H,*C1 4^ « (NO,),C,H:rNH-Nn^ 4 HOL 

They are colourless crystalline substances, and are in fact the leuco-compounds 
of the azo-series. They are soluble in alcohol, but not in water* They become 
coloured in air, especially in the presence of moisture, and still more in that of 
alkali, going ov(^r partially into the azo-compounds. They are neither basic nor 
acidic, the amino-group being neutralized by the negative phenyl. 

On energetic I'eduetion they give two molecules of amine. In many cases 
this occurs with especial ease at the moment of their formation, so that it is 
often difiieulfc to stop the reduction of the azo-compounds at the right point* 

♦ The hydrazo-compounds cannot be distilled, as on heating one molecule gives 
up its two hydrogen atoms to another, forming the azo-derivative and two mole- 
cules of amine : — 

The hydrogen attached to the nitrogen is easily replaced, acetic anhydride, 
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for example, forming a di-acetyl derivative, phenyl isocyanate a urea, and nitrous 
acid at low temperatures a very unstable yellow crystalline compound, which 

probably has the formula ^ Y 

m NO* 

Ihe most remarkable reaction of the hydrazo-compounds is their intra- 
molecular change to benzidine and similar bodies. This occurs with great ease 
on treatment with acids, so that if azobenzene is reduced in acid solution the 
hydrazo is not obtained at all, but only the products of its rearrangement. The 
reaction has already been sufficiently discussed. It is enough to repeat that it 
goes in two stages, giving first a semidine (j9-aniino-diphenyl-amine) and then 
a diphenyl deiivative, either benzidine {di-2>diamino-diphenyl) or, if the para 
position is occupied, a diphenyline, which is the corresponding ortho-para- 
diamino- compound. 

Hydrazo-tnphenyl-methane, like so many other compounds 

containing this radical, has a very peculiar behaviour.^ It is a comparatively 
stable substance, and is not oxidized at all by the air, or by silver oxide. 
Stronger oxidizing agents, such as potassium permanganate or chromic acid, 
remove the hydrogen of the hydrazo-group, but the azo-compound, (f>.^G‘l>[=N-C(po, 
which we must suppose to be found, at once breaks up into nitrogen and tri- 
phenyl-methyl, which appears as its peroxide, ^^C'O-O-C^s. 

Thus the relations which hold with the simple aromatic derivatives (such as 
hydrazobenzene) are here reversed. The hydrazo-compound is much more stable, 
and the azo-body almost infinitely less so. Wieland expresses this by saying 
that the weak affinity of the triphenyl-methyl group makes the attachment of 
the hydrogen to the nitrogen in the hydrazo-compound much weaker than in 
hydrazobenzene, while it is unable to hold the azo-group at all. 


^ Wieland, Ber. 42. 1902 (1909). 
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Tirr. nuxx li’roup of cuiiipoumls consists of the dorivatives of the hypothetical 
diimide ILN—NIL Hero, as in the hydirodno compounds, we have to distinguish 
two classes <d']) 0 (lies: those in wliich one of tiie two nitrogen atoms is attached 
to a hydro(air])on group, and those in which both are so attached. The difference 
h<jro is, however, fur whatever reason, far more striking than among the 
hydrazines. 

The diazo-compounds are those in which the group is attached only on 
one side to a hy<lrocar])ou radical. 

It is to ])e iioii(H)d that the so-called fatty diazo-cojupouuds do not Ixdong to 
this groii]>, siuc<‘ iliey have iho N.. joiiH'd at both ends to tin? same carlxm atom, 

N 

as in <liazo-nu-thane, OHojl . Tliey will therefore be discussed among the ring 

compounds. The very small number of true diazo-compoimds of the fatty series 
which are known are more conveniently dealt with along with the diazomethane 
denvaiiv(‘S. 

The study of ih<^ diazo-compuunds has C(mtributGd to tho development of 
organic clu^mistry in an extraordinary dc^gree and in a variety of ways. The 
detection ami isolation of ]a>die.s of so unstable and e.xplosivo a nature required 
the higliesi experimental skill. The com])()unds were of the utmost service to 
synthidical c.hemistry, owing to the great variety of groups which they made it 
possible to intreciu<*o into th<^ benzene nucleus ; they are of immons<^ technical 
importance as tlu* foundation of the vast group of iizo-dycs ; and in rocent times 
tho stu<ly of their consl iiution has thrown great light on somt>> of the obscurest 
que.stions of tautomeric change. 

The <Iiazo-conipoiux<b were discov<‘rod ]>y Peter Griess“ in 185<S. Their 
impoiian<:<‘* for synthetic and leclmical j[)urposes was soon realized, and their 
more important reactions were established. Then, more than thirty 3 ’ears later, 
the qiK^siion of their co^nstitution. which seemed to have ])een fairly satisfactorily 
setthid, was agifiu raised, and became the sulqect of a prolonged controversy 
between llantzsch and Bainbergoi*, in wlu<ih both sides exlubitcd tlie highest 
degree of skill, and Ilantzsch in particular developod a now and most fruitful 
method — the olectrochemicJiil of attacking prolileins of this kind. The con- 
troversy has ffnally been decided in IlantzsclPs favour. It is clear that we 

^ Cf. Hautzsoh, Die Diazorerbindnngea, Saminliuig’ Ahrens, Jid. viii (Kuko, Stuttgart, 1903) ; 
Eibuer, Znr Gemhichfe tier nroiuntischen Diazaverhinduugen (Oldenbourg, Munich, 1903); Cain, 
ChemUtry of the (liaz(hvompound$ (Arnold, 1908). See also Morgan, Brit. Ass. Beports^ 1902, 
p. 181, and Ck. Kewe, 86. 189, 204, 213, 225 (1902). 

* Ann, 106, 123. 
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have to deal with an extremely complicated case of combined tautomerisni and 
stereoisomerism, the diazo^group being capable of a,ssuming no less than four 
different configurations. By his elucidation of these extraordinarily intricate 
relationships- Hantzsch has won a place in the first rank of chemists, and has 
advanced our knowledge of the intimate nature of chemical reactions to a 
remarkable degree. 

Before discussing these questions, it will be well to consider briefly the 
methods of formation and the more important reactions of the diazo-compounds. 
In order not to prejudge the question of constitution, this will be represented 
by the symbol 

Methods of formaiion 

1, By the action of nitrous acid on primary aromatic amines : either 
(a) By passing the gaseous oxides of nitrogen evolved from starch or arsenic 
trioxide and nitric acid into a solution of the amine salt. This is the usual 
method for isolating the solid diazo-salts in the laboratory, and was the way in 
which Griess originally prej)ared them. The gas is passed into a paste of the 
amine salt and a little water, cooled with ice. The much more soluble diazo- 
salt goes into solution, and is precipitated with alcohol and ether. A modifica- 
tion^ of this method is to diazotize the sulphuric acid solution with barium 
nitrite (which can now be easily obtained), to filter off the barium sulphate, and 
to add a mixture of alcohol and ether to the filtrate. 

if) By the action of alkyl (ethyl or amyl) nitrite on an acid solution of the 
amine.® This depends on the extraordinary rapidity with which the alkyl 
nitrites break up in the presence of acid. It is sometimes used to make the 
solid diazo-salt; the amine salt is dissolved in alcohol, and the alkyl nitrite 
added. An almost quantitative yield of the solid diazo-salt may be got by 
dissolving or suspending the amine salt in glacial acetic acid, cooling below 10®, 
adding a slight excess of amyl nitrite, and precipitating with ether.® 

(c) By the action of nascent nitrous acid on the amine salt, i. e. by adding 
sodium nitrite to the acid solution. This is by far the commonest method 
when, as is usually the case, an aqueous solution only is wanted, and the 
precautions necessary in prej)aring the solid salt (which are due to its great 
solubility in water and its insolubility in ether, making it impossible to separate 
it from a soluble inorganic salt) are no longer required. But other precautions 
have to be observed. It is important to use the exact equivalent of sodium 
nitrite, and allowance must be made for the impuiity which this salt always 
contains. The nitrite solution may be titrated, or as a rougS guide the salt 
assumed to contain 98 per cent, of nitrite j the older books recommended taking 
the molecular weight of sodium nitrite as 72 instead of 69, but it is now 
generally better than this. A common way is to inin in the^ nitrite solution 
until the liquid will darken starch-potassium iodide paper, showing the piesence 
of free nitrous acid. 

The amount of acid used is also an important factor. Theory requires two 

» Witt, Ludwig, JBer. 36. 4384 (1903). ® Knoevenagel, Ser. 23. 2905 (1899). 

® Hantzsch, Jocheui, JJct'. 34:, 3337 (1901). 
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3noIo(rulcs; of liy(lro(;h]orL‘ uoid io one NIIo. (^pnorally nioro thiin tins must be 
us(‘(! : eoiniiionly iwo :aul :i half moL'CuIos, but iu (‘xcopiioniil cases a still larger 
excess. 

TliO tcnijXiraiurb niusi he curt^fuily regnlalcil. Tlie ordinary rule is to cool 
the amine .solution iH-forchand io -7 or !>elow. and not to allow it to rise above 
10' dnririg ilio re:i<*l!on. H is thtui still k<-]>t cold, and used within twenty 
luinuios. But with some aniimss tli^* diazoiizjiiion slowly, and it is 

nocc'S^ary work at I ho (.niinary t<‘mperaiuro, or eva-n slightly a'bovo it. 

If the amino .salt i.s only sparingly soluble in water it can ])o .suspended in 
a- state of iimMlivision. a.s the diaxo-.salf is always much more solnblo. When 
the amino is so fe6])iy basic that its salt is broken up hy watrn*. It is sometimes 
suspemled iu the sodium nitrite solution and the acid run in ; or tlio ])ase may 
])<' dissolved iu strong nitric acid, and the nitrous acid formed in the solution 
by adding potassium pyrosiilphite, Iv./S.^O;,. which reduces some of the nitric 
acid : potassium nitrile cannot he u.sed in this case, as it react.s too violently 
with the strong acid.^ 

Uiid(U' oi'dinary conditions ilu‘ diazotization of a base l>y nitrons acid takes 
places with great rapidity. But IIuiitz.scii and Seduhnann " liavo l^cen aide, by 
using very diJiito .solutions, to measuro its vtdocity. Tlu‘y deiorminod the 
extent to which the reaction had proceeded by measuring the amount of un- 
decompos(*d nitrous acid remaining by moans of iJio colour whicli it gave with 
zinc iodide and stnndn They .showt^d that all aminos examiiuMl (]>oth positively 
and negalividy su}>.stiiut(Hl anilines) were dkzoiized with the same velocity; 
tlmt tlii.s vfdocity was proportional to the product of the concentrations of the 
nifnjus a<'i<l and the }>as(‘ ; that it was >somewliat increased by an excess of 
hyd.rochlonc acid, but that a greater excess than one equivahmt of acid had i:o 
further effect. This indicates that the reaction takes place between the undi 
,sf)(dated nitrous aciil ami the cation of tlie ])ase. In the presenc(3 of hydrochloric 
acid the nitron.s aci<i, launga weak acid (about twin' as strong as formic acid), 
will bo practically undissociated ; and the increase of velocity in presence of 
exc(>s.s of acid must ))e duo to the disappearance of the hydrolysis of the aniline 
salt, ami the (‘onse<|uent increase' of its cations. Similar n'sults w<u*o obtained 
by Sidiumaun,^ by didonuining the velocity from tlio fall of conductivity of the 
solution. 

OilK'i* methods for pntparing th<? tliazo-compounds are; 

2. In som(3 cases by ir<*aiing the amine with another diazo-compound. Thus 
nitro-diazobenzeiie and^toluidine give nitraniline and diazotolucne. 

By the o.yrdation of aryl-hy<lraziues witli mercuric oxide. 

4. }5y the action of a <haz(mium porbromide on an aryl -hydrazine : — 

2Ar-K.-Biv f Ar‘N.Jb, • Ar.N.>Br + 3 IIBr. 

This afft»rds a convenient method for preparing tin* solid diazoniuiu salt. The 
perbroniido is suspended in alcohol, an alcoholic solution of the hydrazine added, 
ana the precipitation completed wdth ether.* 

5. By the reduction of the amine nitrate with zinc and hydrochloric acid. 
This is really a modification of L 

* Wntt, Ber. 42. 2953 (1909). 

» Ber. 33. 527 (1900u' 


^ Ikr. 32. 1(591 (1899). 

^ Chattaway, J. C. 8. 1908. 958. 
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, 6. By the action of hydroxylamine on a nitroso-derivative : — 

Ar«NO + = Ar-Ng^OH + H^O. 

In this reaction the normal^ and not, as was previously supposed,^ the iso- 
diazotate is formed. The importance of this result will he seen later. 

7. A peculiar method ^ is by ti^eating certain nitroso-compounds with nitrous 
acid, some of which is oxidized to nitric acid : — , 

Ar-NO + 8 HNO, - Ar.N2-0N02 + HNO3 + H^O. 


Froj^erties 

As the diazo-compounds do not, as a rule, require to be isolated, there is 
comparatively little known about their individual properties, considering that 
almost every primary aromatic amine which has been described has been 
diazotized. But thanks to the work of Griess, and especially, in more recent 
times, to that of Hantzsch and his pupils, we have considerable knowledge of 
some of the simpler derivatives. 

The mineral acid salts of diazobenzene are colourless crystalline solids, very 
easily soluble in water, less in alcohol, and scarcely at all in ethei\ They have 
the full character of salts, being highly ionized and not hydrolysed, as is shown 
by their having, when pure, a neutral reaction. They are endothermic bodies,^ 
and in the dry state explode when heated, and sometimes when struck. The 
nitrate in particular is violently explosive, far more so than nitrogen iodide or 
mercury fulminate ; the sulphate much less so. If the aqueous solution is 
shaken with nitrobenzene, benzene, chloroform, &c., not a trace of the diazo- 
compound is taken up ; but it can be easily and completely removed by phenol, 
which turns a deep brown, possibly from the formation of diazobenzene-phenyl 
ester, The aqueous solutions of diazo-salts are usually stable if they 

are kept cold ; but on heating the diazo-nitrogen is evolved quantitatively and 
a phenol is produced. 

The haloid salts have a characteristic power of taking up two more atoms^ of 
halogen to form perhalides, such as ^-Ng-Brg, which are analogous to the alkaline 
perhalides, like KI3. They are crystalline feebly explosive compounds, which 
on treatment with ammonia give azides, e.g. 

The Ng group, though normally a strong base, is also capable of behaving as 
a weak acid. If a concentrated aqueous solution of diazobenzene chloride is 
poured into a large excess of very concentrated potash, potassium benzene 
diazotate, ^NoOK, separates out. But this and simflar l^odies will be considered 
in dealing with the question of constitution. « ^ 

The next reactions to be discussed are those in which the^ diazo-bodies pass 
into compounds of other types, and of these first those in which the diazo- 
nitrogen is eliminated. It is these reactions ^hich have given the diazo-com- 
pounds their enormous importance for synthetical work. They all consist in 
the evolution of the whole of the nitrogen of the Ng while its prnce 


i Haiitzscb, 38. 2056 (1906). ^ Bamberger, Ber. 28.1218 (l89o). 

» 0. Fischer, Hepp, Ann. 255. 144 (1889) ; Hantzsch, Ber. 35. 894 (1902). 

^ Berthelot, Vielle, C. M. 92. 1076 (1881). ' r «« ion 

» Hirscb, Ber. 23. 8705 (1890) ; Norris, Macintire, Corse, Am. Cti. J. 29. 1..U 



200 


Dkizo-compou ii (h 

on tlio ring is lakon l>y some other radical present, commonlj' that which was 
previously ai.taehod to l.he diazo-group as an a(u’d radical. Tliero are scarcely 
any of the simpler groupings which cannot in tliis way he introduced into the 
ring iintlor suitaLlo conditions. 

Thus we eari replace tlio by the following grou})s: 

1. IIvdroxyL This usually occiir>s very n*adi]y, on keeping or heating the 
aqueous solution of the diazo-sait. It is best to use the chloride or sulphate ; 
if the nitrate is einplo 3 "ed the phenol is liable to be iitiacked hy tlie liberated 
nitrit* acid. In some cases it is not sufficient even to boil with water, but the 
salt must bo iieated with moderately concontrateil sulphuric acid of boiling- 
point l lO-ioO® or with copper sulphate solution. The presence of a chlorine 
atom, or still more of a methox}"- or ethoxy-group in the ortho position to the 
diazo, greatly hinders this reaction. 

2. Alkoxyi, witli the formation of phenol ethers. This change often occurs 
readily on boiling with absolute alcohol, but the reaction in many cases goes in 
a diileront way^, the diazo-group being replaced 

•k }Iy<lrogen, with the lu-oduction of the hydrocarbon, tlie alcohol being- 
oxidized to aldelivdo : — 

r/>N,-Cl i CIL-CILOII - ^6.11 + IICl + N, -f CJI.-CHO. 

Wliicli of these two reactions takes i>laco dei>ends entirely^ on the precise 
<‘ondiiions. Thus if diazobonzene-sulphonu*. acid ^ (with the sulphur on the 
liuchnib) is treated with metlqvl alcohol under diminished pressure, only benzene- 
siilpiiouic acid is formed ; but the same reagents under thirty atmospheres 
presstire give, only anisol-suiphonic acid, 011.^0 -O^IT.inSOaH while at the ordinary 
}iressuro a mixture of the two is obtained. Tlie formation of phenol ethers is, 
however, the normal reaction. Thc^ 2 >resence of negative groui)S, especially in 
the ^>rtho 2 >osition, promotes iho replacement by hydrogen.- 

The production of the h 3 '^drocar))on is often effected by treating the alcoholic 
solution or sus})ensit)n of tho amino salt with amyl nitrite, and then ]>oiling. 

The dia/.o-group can also bo re 2 )laced by hydrogen in other wa^^s. Idio body 
cun bc‘ reduced to the hydrazuie, and then this convorted into the liydrocarbon 
by oxidation with copper suli>Iuilo or ftuTic chloride as already descri]>ed. Or 
ihe diazo-gr(mp maj’-bo replac<jd ])y iodine, and the product reduced, for examj)le, 
by distillation over zinc dust. A roaciion which is often used for this 2 >uri'>ose 
is Frit^dlrmder's. Ihus consists in treating tho diazo-salt witli an alkaline 
stannous solution. It has been shown that in iliis reaction part of the. salt 
is reduced to the liydrazino, which is then oxidized by the rest of the diazo- 
compound to tlicf' hydrocarbon. 

4. llalogtmH. This is effected in various ways : sometimes by hoiiting with 
excess of hydrochloric or hydrobromic acid, or by heating the iilatinichloride 
with so<la. 

The best metho<I is that of Sandmeyer/ which consists in heating the chloride 
or firormdo in jiresence of cu^^rous chloride or bromide : — 

Ar NoBr - Ar-Br -f 

* Kemsen, Palmer, Am. Ch, /. 8. 248 (1886) ; Keinsen, Dasliicll, ib. 15. 105 (1893). 

» Pemsen, Palmer, 1. c. ; Cameron, ib. 20. 229 (1898). s Eibner, 36. 813. 

* Ber. 17, 3633, 2050 (1884). 
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The diazo-solution is usually added to the cuprous solution, which has been 
warmed to a suitable temperature. Sometimes the amine is diazotized in 
presence of the cuprous salt. In many 'cases it is better to adopt Gattermann’s 
modification/ and to treat the diazo-solution with copper powder, which de- 
composes it in the cold. The powder is prepared by adding zinc dust through 
a fine sieve to a cold saturated copper sulphate solution, and then washing the 
precipitated copper with water and hydrochloric acid. 

Iodine requires none of these elaborations. It is enough to pour the 
diazonium sulphate solution into potassium iodide solution, or vice versa. 

In order to replace the diazo-grouj) by fluorine the diazo-salt is coupled with 
piperidine to form the diazo-piperidide 



and when concentrated hydrofluoric acid is poured over this it breaks up into 
fluorbenzene, nitrogen, and piperidine hydrofluoride : — 

+ 2 HF - 0-F 4- C^Hnl^-HF + 

5. Cyanogen. This is a most important discovery of Sandmeyer’s, enabling 
us to introduce the carboxyl group into an aromatic compound. The diazo- 
solution is poured into a hot solution of potassium cuprous cyanide, made by 
the action of potassium cyanide on copper sulphate. 

6. Various groups containing sulphur may be introduced by decomposing 
the diazo-salt with potassium xanthogenate (potassium ethyl-dithiocarbonate 

S=C<(q^). If they are heated alone they give carbon oxysulphide and the 

thio-ether Ar-S-Et ; and if they are heated with alkali they give carbon oxy- 
sulphide, alcohol, and the thio-phenol Ar-SH. 

7. The nitro-group. This replacement is not usually required; but it is 

useful in certain cases. For example, |8-nitro-naphthalene cannot be, obtained 
by direct nitration, whereas ^-naphthylamine is easily got from /3-naphthol. In 
order to introduce the nitro-group the diazo-solution is treated with an equivalent 
of sodium nitrite, and the diazonium nitrite so formed is decomposed by cuprous 
oxide. *• 

8. Aromatic hydrocarbon groups, such as phenyl, can be introduced by 

acting on the dry diazo-salt with the requisite hydrocarbon : if necessary alu- 
minium chloride can be used as^ a catalyst, or in other cases an acyl chloride 
such as acetyl chloride “ : — , 

^•Na-Ol -1- Tl-(p = + '5^2 + HCl. • 

Again, if the brown solution obtained by extracting a diazo-solution with 
phenol is heated,® oxy-diphenyls are produced 

^-Na-Cl -f H-CgH^OH = + Fg -f HCl. 

This by no means exhausts the list of radicals which can be introduced ^n 
place of the diazo-group, but it includes all those of any considerable importance. 

Of the diazo-reactions in which the Fg group is not removed, some have 

^ 23. 1218 (1890). ® See references in Meyer and Jacobson, Lehrhuch, ii. 2. 17. 

3 jSTorris, 0. 03 . i. 705. 
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iilready been mentioned, such as the combination with certain methylene com- 
pounds to form hydrazones. There are also others of great importance. Thus 
on reduction the diazo*compoimds give primary aryl-hydrazines: — 

Ar-lSfo-Cl -f 4 H == Ar-NH-NHg + HCl. 

On oxidjition in alkaline solution they give nitroso-compoimds and then nitra- 
such as diazobenzenic acid or phenyl nitramine, ^•NH-N02. 

The so-called coupling reactions are of immense technical importance. They 
in,ko ]>Ja(:e in two ways : — 

1. AVith amines (fatty or aromatic) the first product is a diazoamino-com- 
pound ‘ : -- 

+ HCL 

2. Directly in some cases (e.g. with some tertiary aromatic amines”) and 
always easily by a I'earrangement of the first pi’oduct an aminoazo-compound 
is formed. This is the typical ^coupling’, the N2 g^roup attaching itself to 
tlie nucleus to give an azo-derivative. Thus an amine gives an aminoazo- 
<ieriYative : — 

<^.^2*01 + HO^Ho - HCl + <j6.N=N-0“-NH2; 
and in [lie same way phenols form oxy-azo-compoimds : — 

+ HOOH - HCl + 

These products %vill be further discussed under the azo-derivatives. 

Constitution of the Diaso-compounds 

Tile original formula j^roposed by Griess*'* for the diazo-compounds regarded 
tliein as derived from the hydrocarbons by the replacement of two atoms of 
}iydrog<m by two of nitrogen, whence the name diazo. The salts were supposed 
to be formed by the direct addition of acid : thus 

Diazobenzene C0H4N2 : chloride CoH4N2*HCL 

K(dvule^ had no difficulty in overthrowing this view. He showed that in 
all r('aciions in which the diazo nitrogen is removed a mono-substitution product 
remains. Ilenco the diazo-salt must be written Ar-Ng-CL This he expanded 
into Ar-X -N-Cl for the salt, and Ar*N=N*OH for the free base. 

In LSd9 Bloinstrand suggested another formula/' He argued that the diazo- 
salts worf' strictly analogous to the ammonium salts, aixd therefore must contain 

p*3ntad nitrogen# Hence ho wrote them Ar*N^^p corresponding to Ar*N^0j*\ 

The same view was puf forward independently and almost at the same time by 
Streckcr,*’ but on a different ground— that the very unstable diazo-compounds 
wore so unlike the comparatively very stable azo-bodies, which were undoubtedly 
Ar*N -N’Ar, that they could not be built up on the same type. Erlenineyer'^ 
snggeslnd the same structure, also independently, in 1874. 

1 For tlie oceurrcncs of this reaction nmong tlie fatty amines hcb D imrotli, Jfw. 38.2328 (1905), 
I n 1 among the benssylamine biuies, Goldschmidt, Holm, JJer. 21. 1016 (1888). 

> Haoussermann, Her. 39. 2762 (1906). ' Ann, 121. 257 (1862) ; 137. 39. (1866). 

< Lehrb. d. org. Okem., ii. 717 ( 1866 ). ’ CAemia der JttsUeU, 4. 272 ; Ber. 8. 61 (1876). 

' Ber. 4. 786 (1871)- * 7- IHO- 
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are got by oxidizing tbe mixed bydrazo-compounds or symmetrical secondary 
fatty-aromatic hydrazines with mercuric oxide: — 

^6.NH-NH*CH3 + 0 = 0*E*:=:N.CH3 + HgO. 

The aromatic azo-bodies are crystalline substances (some of the mixed deriva- 
tives are liquids) of an intense red or orange colour. They distil unchanged at 
rather high temperatures (azobenzene, for example, at 298°), and they are volatile 
in steam. They are insoluble in water, alkali, and acid, but dissolve in organic 
solvents. They are remarkable for their extreme stability ; they are not affected 
by distillation or by boiling with acid or alkali, a striking contrast to the diazo- 
compounds. As regards their structure, it is obvious that, like the diazo-bodies, 
they might be either syn- or anti-compounds ; from their great stability it is 
clear that they must be anti-, 

Ar-N 

11 

N-Aiq 

No cases of stereoisomerism have yet been observed among them for certain, 
although there is an instance of isomerism among the aminoazo-compounds, 
which is very probably to be referred to stereo-causes. 

Though they are so stable under ordinary conditions, they are very sensitive 
to reducing agents, which, if alkaline, convert them into hydrazo-compounds, or, 
on more energetic reduction, into amines : acid reducing agents generally trans- 
form them directly into benzidines. They are even reduced, especially in 
methyl alcohol solution, by hydrochloric acid, with the formation chiefly of 
chlorination products of hydrazobenzene and aniline.^ 

Azobenzene, itself was discovered by Mitscherlich in 1884. It 

forms fine orange-red crystals, melting at 68° and boiling at 298°. It may be 
prepared in any of the ways that have been mentioned, and is generally made 
by reducing azoxybenzene (obtained by the reduction of nitrobenzene in alkaline 
solution) by distillation with iron filings. 

The mixed azo-bodies, in which the N2 is attached on one side to an aromatic 
and on the other to a fatty hydrocarbon, are liquids. They resemble the purely 
fatty azo-bodies, and differ from the purely aromatic, in being able to split off 
the nitrogen on heating, the two residues combining. This reaction has been 
made use of by Gqmberg for the preparation of tetrapheny 1-methane. He made 
triphenyl-methane-hydrazo-benzene, oxidized this to the corre- 
sponding azo-body and by heating a mixture of this with sand 

obtained, though only in very small quantity, the previously unknown tetra- 
phenyl-methane 04C. ^ 

Another peculiarity of these mixed azo-compounds is that sulphuric acid 
converts them into the isomeric hydrazones : — 

0.NH~N=:CH.CH3. 

This has already been mentioned in connexion with the supposed formation of 
hydrazones by the action of diazo-compounds on the acidic methylene group.* 
The simplest azo-compound, azomethane, has been prepared 

quite recently by Thiele,^ who obtained it by oxidizing hydrazomethane, 


Jacobson, A?m. 36V. 304 (1909). 


2 JBer. 42. 2575 (1909). 
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CHg-NH-NH'OHs ( 5 -dimethyl-liydrazine), with potassium chromate. It is a 
colourless gas with no alkahne reaction, which condenses to a liquid boiling at 
+ 1-5°. The liquid has only a pale yellow colour, in which respect it resembles 

another purely fatty azo-compound, azoisobutyric ester,* ^ 1 * 

C 02 Elt G 02 Et 

It explodes on heating, but if mixed with excess of carbon dioxide decomposes 
quietly, mainly into ethane and nitrogen : — 

- CH3.CH3 + ^2* 

The alternative formula, that of a hydrazone, OHs-NH-N— GH 2 , is excluded 
by its distinct though pale colour in the liquid state, by its decomposing to give 
ethane (which is exactly analogous to the formation of tetramethyl succinic 
ester from azoisobutyric ester, an undoubted azo-body), and by the fact that 
it is easily reduced to the hydrazo-compound. On the other hand, it is easily 
broken up by acids into methyl hydrazine and formaldehyde, S that it can 
readily assume the hydrazone structure. The same thing has been observed 
with the mixed azo-body, phenyl-azo-ethane, 0 *N=N*GH 2 *GH 3 ,^ 

The remarkable instability of azo-triphenyl-methane, has 

already been mentioned (p. 255). 

By far the most important azo-derivatives are the aminoazo- and oxy-azo- 
compounds which are used as dyes. Their formation has already been referred 
to. Practically any primary aromatic amine can be diazotized, and the body so 
formed can be coupled with any aromatic amine (primary or otherwise) or 
phenol ; so that the nmnber of azo-dyes which can theoretically be prepared 
is enormous. Already the components described in patents for azo-dyes are 
sufScient to yield several millions ; and the number which could be obtained 
from all the known amines and phenols amounts to several hundred millions. 
In comparison with these figures the 75,000 compounds in Beilstein and the 
100,000 in Eichter's Lexicon appear insignificant. 

As the azo-dyes are perhaps the most important and certainly the most 
numerous class of organic dyes, a few remarks on the process of dyeing may be 
useful. 

The cloth is dyed by bringing it into a solution of the dye in water : this is 
the dyeing bath. It is therefore necessary to render the dye soluble in water, 
if it is not so already. This is frequently done by sulphonation, i.e. by intro- 
ducing an SO 3 H group into the nucleus, since all sulphonic acids are soluble in 
water ; the substitution in most cases has little or no effect on the colour. The 
dyes are divided into two classes, adjective and substantive dyes. A substantive 
dye is one which is capable of dyeing the fibre as it is, that is, without any 
previous treatment; an adjective dye requires the use of a mordant. Many 
dyes are either substantive or adjective according to the fibre used. A great 
number are substantive to animal fibre (silk or wool) and adjective to 
vegatable. 

As mordants, tannic acid and compounds of it with preparations of antimony 
are often used. Acid dyes, such as oxy-azo-compounds, are often fixed by first 
soaking the cloth in a solution of an easily decomposed aluminium, ferric, or 

^ Thiele, Heuser, Ann. 290. 5. (1896). 


2 E. Fischer, 29. 793 (1896). 
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chromic salt (especially the acetate), and then passing it through a feebly basic 
bath or steaming it, so as to separate the oxide of the metal. The dyeing then 
consists in the formation of an insoluble compound of the dye with the oxide, 
known as a lack. The colour with many dyes depends on the base used ; such 
dyes are called polychromatic. Thus alizarin dyes red with aluminium salts, 
violet with ferric, and brown with chromic. 

Sometimes the dye is produced on the fibre itself, either by soaking it in 
a solution of the leuco-base (e. g. indigo-white, which is probably di-indoxyl) and 
then oxidizing it by exposure to the air ; or, in the case of azo-dyes, by passing 
it successively through solutions of the two components. 

The value of a dye depends, of course, on its beauty, on its dyeing power, 
and on its fastness— its power to resist washing, soap, and light, and in special 
cases acids, &c. 

A dye is necessarily a coloured substance capable of adhering to the fibre ; 
and it, therefore, must have in the molecule two kinds of groups, one giving it 
colour, and the other giving it this power of adherence. The first of these 
groupings is known as a chromophor, such as the azo-group, which of 

itself gives colour, but does not yield a dye ; the second is called an auxochrome, 
but about this there is a certain amount of confusion. The terminology is 
originally due to Witt, who supposed that certain groups, which he called the 
chromophors, were essentially colour-producing, but in some cases required the 
presence of a second group, not in itself coloured, to call out or at least increase 
the colour. Groups of this second kind he called auxochromes. Subsequently, 
as the interest of chemists was diverted from the purely scientific question of 
the cause of colour to the more practical problem of producing dyes, the word 
auxochrome changed its meaning, and was applied to those groups which give 
a coloured compouutd its power of adhering to the fibre. This confusion was 
increased by the fact that the two most important auxochrome groups in the 
dyeing sense are hydroxyl and the amine or substituted amine group ; and 
these are also auxochromes in the original Witt sense, of increasing the colour 
of “a compound without reference to its dyeing power. These two groups are 
both salt-forming, one being basic and the other acidic ; but other salt-forming 
groups, such as CO 2 H and SO3H, will not act in this way. 

Another remarkable point about dyes, and, indeed, about coloured organic 
compounds in general, is that they can be converted by reduction into colourless 
bodies, the so-called leuco-compounds, which generally go back readily, often 
even on exposure to the air, into the original dye. The leuco-derivatives of the 
azo-dyes are the hydrazo-compounds, which themselves are colourless, but are 
reconverted by the air into the coloured azo-compounds. 

The azo-dyes may be divided into two classes, according to the auxochrome 
(in the dyeing sense) which they contain : — 

1. The aminoazo-compounds, with NHg. 

2. The oxy-azo-compounds, with OH. 

The first azo-dye put on the market was chrysoidine (from diazobenzene and 
meta-phenylene-diamine), which was prepared in January, 1876, by an Engl: ' 
firm, by the method discovered, of course, by Griess, but developed by 0. IT. Wi 
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AMINOAZO.COMPOUNDS 

In practice the aminoazo-compounds are always prepared by the action of 
an amine on a diazo-solution. But in many cases this gives first, as an inter- 
mediate product, the diazo-amino-body. Direct formation of the aminoazo- 
compound occurs with a tertiary amine, as it obviously must, and with 
}»-diamines in neutral or feebly acid solution. It is also observed with some 
secondary monamines in presence of mineral acids, while in neutral or acetic 
acid solution they usually give the diazo-amino. The conversion of the diazo- 
amino into the aminoazo-body occurs slowly even on standing in alcoholic 
solution ; but it is hastened by the addition of small quantities of the aryn'T^o 
salt. If the diazo-amino-compound is treated with an equivalent of the salt of 
another amine, it is possible to introduce this second amine, e. g. : 

CH3-CeH4-N=N-NH-C6H4-CH3 -i- CeHs-NHsCl 

= CH3.CoH,.N=N.CeH4-NH2 -t- CH3.C3H,.NH3C1. 

The aminoazo can be prepared directly, under suitable conditions, by actino' on 
excess of the amine with nitrous acid ; but this implies the intermediate formation ' 
of the diazo and diazo-amino-compounds. 

The position taken up by the azo-group on the nucleus of the amine is 
always para, if this place is open ; and it is only in this case that the reaction 
goes easily. If this place is occupied, the reaction can be brought about, though 
much less readily, and the azo-group takes up the ortho position “ 

7H3 

9i-N=N.NH-0-CH3 ^.N=N-0 - 

It is remarkable that dialkyl-amines, in which the para position is filled up, 
usually refuse to give ortho products.* Either no reaction takes place, or the 
para substituent is expelled, and a p-aminoazo-compound produced. The most 
striking case of this is afforded by i>,p-tetramethyl-diamino-diphenyl-methane, 
where both the nuclei separate from the methane carbon 
2 HS03.GeH,.N3.0H h- (CH3)3N0-CH3.0-N(GH3)3 

2HS03-CeH4.N=N.ON(CH3)3 + CH 3 O H 3 O. 

The structure of the product is determined by energetic reduction, which con- 
verts it into a mixture of a monamine and an 0- or p-diamine. 

We have thus two classes of aminoazo-compounds, the ortho and the para. 
They differ so re&arkably in behaviour that it has been suggested that they 
have dijffereiit constitutions. 

The para coinpounds have the normal behaviour of primary amines, and 
hence must certainly have the normal aminoazo formula. But the behaviour 

of ^e ortho-compounds makes it possible that they contain a closed nitrogen 
rmg, e.g.:— 

^6 -nh.n-o-ch 3 

* Scharwin, Kaljanov, Ser. 41 . 2056 (1908). 
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For iastanee, on oxidation they give colourless azimido-eompounds such as 

OHa-CeH^.N-N-O-CHs 

Again, whereas the para react with aldehydes like primary amines, giving 
indiiferent compounds which readily decompose again into their components, 
the ortho give colourless basic substances, stable on heating with acids, which 
belong to the triazine group . — 

CHa-CeH^-NH-N-O-CHa CHa-CeH^-N-N-OCHa 

^•CHO + 

H 

It is to be noticed, however, that these differences are scarcely greater than 
those between the para and ortho diamines, where no difference of constitution 
is to be suspected. The peculiarities of the ortho bodies are probably only 
illustrations of the general tendency of ortho di-substitution-prodiicts to form 
closed rings (‘ortho-condensation’). 

Properties 

They are yellow or brown substances, scarcely soluble in water : hence the 
importance of sulphonation when they are to be used as dyes. They are basic, 
and easily dissolve in acids to form brilliantly coloured salts, which usually 
have a different colour from the base ; these salts are discussed below. They 
have the behaviour both of amines and of azo-compounds. As amines they give 
acyl and alkyl derivatives and salts ; and they can be diazotized and used as 
components for new azo-dyes, producing the dis-azo-compounds. As azo-bodies 
they can be reduced to hydrazo-compounds and ultimately split up into a mona- 
mine and a diamine. If they are boiled for a long time with strong hydro- 
chloric acid the same decomposition occurs, the acid acting like a mixture of 
free hydrogen and free chlorine (compare the action of hydrochloric acid on 
quinone chlorimines and tetraphenyl-hydrazine). Thus aminoazo-benzene yields 
mainly aniline and ^-phenylene diamine, together with chlorinated hydroquinones 
such as C6HCl3(OH)2. 

Another peculiar method of splitting the aminoazo (and also the oxy-azo) 
compounds into their components is by the action of fuming nitric acid.^ This 
is sometimes of use for determining their constitution where the reduction 
method fails. The azo-group does not split, as it usually does, between the two 
nitrogen atoms, but it breaks off entirely from one ndcleus, appearing as the 
diazonium salt, while its place is taken by a nitro-group : — 

HS030-N^NO*N{CH3)2 800^=^ + N020“N(CH3)2. 

It has been shown by Bamberger^ that the azoxy-compounds are oxidized to 
diazo by potassium permanganate, and it is therefore probable that in this case 
the fuming nitric acid first oxidizes the azo-group to azoxy and then further to 
the diazo ; indeed, simple oxidizing agents such as chromic acid and potassium 
permanganate will break up azo-compounds in the same way. 


1 0. Selimidt, Ber. 38. 8201, 4022 (1905). 


3 Ber. 33, 1967 (1900). 
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The mineral acid salts of the aminoazo-compounds have recently been 
investigated by Hantzsch and Hilscher/ who have shown that they occur regu- 
larly in two series, one yellow and the other violet. An isolated case of this 
was, indeed, discovered by Thiele some years ago. Which of these two is 
obteined in any particular case depends both on the aminoazo-compound used 
and on the acid ; nor could any regularities in their influence be discovered. 
In many cases, however, both the isomeric salts could be isolated, the yellow 
unstable salt usually crystallizing out first, and the violet stable form later. In 
the solid state the unstable form does not change over as long as it is kept dry 
and cold ; but on warming, or in presence of traces of free acid, or sometimes 
even on rubbing, it goes over into the stable form. In solution equilibrium 
between the two forms is as a rule established at once, the proportions, and 
hence the colour of the solution, depending on the base and the acid, but very 
largely on the solvent, indifferent solvents such as chloroform favouring the 
violet form, and solvents of a higher dielectric constant, like ether and alcohol, 
the yellow. 

As regards the question of structure, that of the oi’ange-yellow series is fairly . 
certain. Their colour is very similar to that of azobenzene itself and the salts 
of azobenzene-trimethyl-ammonium, ^•]Sr=:ISr-CeIl4-]N'(CH3)3X, which, as it contains 
no mobile hydrogen atom, must have the true azo-structure, and whose salts 
are accordingly found to be in all cases orange-yellow. It is therefore certain 
that these orange-yellow salts of the aminoazo-compounds are also true azo-salts 
of tho type 0.N=N.CeH4.NE2HX. 

The violet salts are not polymers of the yellow, as was shown by a determina- 
tion of their molecular weight in solution, which was found to be normal. 
They are, therefore, true isomers of the yellow form. The hydrazone formula 

Ar.]SfH*N=:C6H4=NE . , ^ i - -t 

suggested by Auwers,^ , is excluded by the fact that similar 

salts are given by the dialkyl-aminoazo-bodies. Hantzsch and Hilscher therefore 
propose the quinoid formula Ar*NH*]S‘=C6H4=NE2X for the violet modification. 
While this view is quite probable, it is to be noticed that the relations of these 
two series of salts are almost precisely the same as those observed in the yellow 
and red salts of the nitrophenols, the dinitroparaffins, and the a-nitroketones. 
In these three last-mentioned cases Hantzsch attributes the isomerism with 
great probability to stereo-chemical causes; and the same explanation will 
account for the aminoazo-salt if we suppose that the more stable orange-yellow 
salts belong, like azobeiiKene, to the anti-series, and the unstable violet salts to 
the syn- : — • 

Ar-N violet, Ar-IST orange-yellow, 


HXEaK-CeH^-X unstable 


N-CoH^-XEaHX stable. 


Or perhaps an even closer analogy to these other cases is expressed by a formula 
su^ as Ar-E'H-N-OgH4-NE2X, which might also admit of stereoisomerism. 


» Ber. 41 . 1171 (1908) ; Haatzsck, Ber, 42 . 2129 (1909). 


2 Ber. 33. 1314 (1900). 
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OXY-AZO-COMPOUNDS OE AZO-PHENOLS 


The S 3 nnmetrical oxy-azo-compounds may be obtained by the reduction of 
nitrophenols in alkaline solution ; but these are of small practical importance in 
comparison with the unsymmetrical, which are made by coupling a diazo-solution 
with a phenol. The reaction takes place practically only in a weakly alkaline 
solution. In neutral solution it often leads to the formation of nitrogen and 
a phenol ether ; while a great excess of alkali may prevent the reaction altogether, 
probably from the formation of the isodiazotate. Goldschmidt has shown that 
the velocity of formation of the dye is proportional to the concentration both of 
hydrogen and of hydroxyl ions. It is also, of course, affected by the nature 
both of the phenol and of the diazo-compound. As regards the phenol, it is 
found that the presence of an azo-group in it hinders the coupling ; oxy-azobenzene 
will couple again to give bis-azo-phenol, H 0 * 06 H 3 (“-N=N*^) 2 , but this body 
is not capable of taking on another azo-group. It is remarkable that the 
presence of a doubly linked carbon attached to the ring of the phenol has the 
same effect as an azo-group, so that oxy-cinnamic acids will only coui:)le once 
and not twice.^ As regards the influence of the structure of the diazo-body, the 
reaction velocity is diminished by the introduction of halogens, and increased 
by that of alkyls ; that is, it is greater the more basic the diazo-compounds. 

The similarity of the reactions of diazo-compounds with phenols and with 
amines makes it probable that there may be an intermediate stage in the former 
case analogous to the diazoamino-bodies in the latter : — 

as was indeed originally suggested by Kekule. It has been proved by Dimroth ^ 
that in many cases an intermediate product is formed, to which he attributes 
a structure of this kind. For instance, j?-bromophenyl diazonium chloride com- 
bines with j?-nitrophenol to form an unstable substance which soon decomposes 
with loss of nitrogen, and is at once broken up by acids to give the diazonium 
salt. If this is heated in the dry state to 80^ it goes over into the stable oxy-azo- 
compound 

BrO-^2-0-O-^02 HO-O-NO 2 

NzzN^O-Br * 

Other similar cases are recorded by Bucherer ^ and by Auwers,'^ who, however, 
points out, as we have seen already, that the behaviour of these bodies is quite 
compatible with their being not 0-azo-compounds, Ar*N=N-0*Ar, as Dimroth 


supposes, but merely diazonium salts, 


Ar-N*0*Ar , . * , . , , 

11| , which would^xplam why they 


are formed with peculiar ease from negatively substituted phenols. Whichever 
view may be right, it is evident that in coupling with phenols the Ng group first 
attaches itself to the oxygen, as it does with amines to the nitrogen, and then 
subsequently passes over to the ring. 

As we have seen, the power of coupling is one of the best tests for dis- 


Dimrotk, Hartmann, Ber, -41. 4012 (1908). 
* Ber. 41. 4304 (1908). 


' Borscke, Streitberger, Ber, B7, 4116 (1904). 
3 Ber. 48. 47 (1909). 


2 
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tinguishmg between the syn- and anti-diazo-eompounds. An anti-compound 
will couple, but always much more slowly than its syn-isomer. 

The foUowing rules goyern the position of the azo with respect to the 
hydroxyl group. If the para position is open it is always taken. If it is 
occupied and the ortho is open, then that is taken. There are only one or two 
examples of the ortho position being occupied when the para is open, and a few 
where one or both of these positions are unoccupied, and where yet no coupling 
occurs at all. The same applies to the case where a second azo-group is intro- 
duced, except that the two will not both take up the ortho position. Coupling 
in the meta position never occurs at all, and the meta-oxy-azo-compounds can 
only be got by mdirect methods. Para-oxy-benzoic acid couples with diazo- 
benzene to give para-oxy-azobenzene, the carboxyl being eliminated, as also 
happens in certain benzidine reactions. 

There is another method of preparing the oxy-azo-compounds which is of 
some theoretical interest, and that is by the action of amines on the quinone 
oximes or nitrosophenols. This can be written in two ways, which illustrate 
the two possible formulae of the oxy-azo-bodies : — 

-t- H0 N=:O=0 = ^6.NH.N=O=0 + HgO; 

+ 0=N-O-0H = ^.N=N-<;3_OH -f H^O. 

This raises the question of the constitution of the oxy-azo-compounds, which 
have so far been assumed to be true phenols. This was the original and is the 
most probable view, as their behaviour is in many respects that of phenols. 
The question has, however, been much disputed,' and a great deal of work has 
been devoted to it, especially in recent years, without any very satisfactory 
results being arrived at. The first doubt as to the correctness of the phenol 
structure was raised by Liebermann,’' on the ground of certain differences in 
behaviour between the ortho and the para series, and by Zincke and Bindewald,® 
who showed that «-naphthoquinone and phenyl-hydrazine gave the same product 
as that obtained from diazobenzene and a-naphthol : they therefore suggested 
that the body might really be a hydrazone 

0-NH-NH2 O ^-NH-N 

"00- IQD- 

A 11 

o o 

■Goldschmidt and his pupils * then found that the ortho compounds would not 
react with phen;^ isocyanate, and therefore attributed to them the hydrazone 
(quinoid) structure. Meldola® investigated the products of the reduction of the 
acyl derivatives, and found that in all cases they behaved as if they were 
a mixture of the two forms ; for example, acetyl^-oxy-azobenzene as if it were 
partly and partly 0-N(CO*CH3)N=^O6H4=O. It has 

sii^pe been shown that the acyl groups in these compounds are unexpectedly 

A brieif and V'ery dear summary of the question is given by Auwers, Ann. 360. 11 ('1908b 

JBer. 16. 2858 (1883). s 3 Q 32 (i884). 

* -Ben 23. 487 (1890); 24. 2300 (1891); 26. 1324 (1892). 

M 114 ; Meldola, Hawkins, ib. 1893. 923 ; Meldola, Burls, 

rb. 930 ; Meldola, Hanes, ib. 1894. 834, 
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mobile, and much of the confusion which has arisen • 

mobility was not recognized.' due to the fact that this 

Hewitt then investigated the action of sub f • 
bromine and nitric acid, on the oxy-azo-compounds, agents, especially 

the ortho derivatives behaved in the same way, and as • *^at the para and 

Jacobson and Honigsberger = attacked the ^6''® true phenols, 

previously unknown meta-oxy-azobenzene, which V preparing the 

have a quinoid structure, and instituted an elaborate « assumed not to 

with those of the other two isomers. The results of its properties 

and para compounds dissolve in the equivalent qua^r The meta 

ortho will only dissolve in a very large excess, soda, whereas the 

and para take up dry ammonia readily, but the ortho n solution the meta 

form a salt with hydrochloric acid ; but the meta *Jiree bodies 

whereas the ortho salt loses its hydrochloric acid in the^*^ are stable, 

the molecular weight of the ortho compound, as readily. Again' 

point method in benzene solution, is normal, and iude^^*^®*^ freezing- 

• tion ; whereas that of the meta and para rises rapi(jj of the eoneentra- 

In all these cases the meta and para derivatives beha^^^^ ®®ueentration 
meta compound is a true phenol we must conclude that r *tat as the 

the peculiar behaviour of the ortho compoimd led Jacob ^ But 

the view that it was the quinone-hydrazone ®'Ud Hsnigsberger to 

0=1 

at the same time its alkaline salts, which exactly re 

body, they assumed to be true phenol salts with the str^*^°^^ *^1® Para 

If this view is correct, it is remarkable that it shonl,j b 
which has the strongest tendency to assume the quino-j * compound 

quinones themselves it is the para which is the most • among the 

most stable. It is, however, doubtful whether the Produced and the 

enumerated are sufficient to establish the difference of which have been 

of the ortho compound, some of which have since peculiarities 

degree rather than in Hnd, may be merely due to the ^® ^'^orences in 

in immediate proximity to the azo-group. There ig of the hydroxyl 

position the hydroxyl is much less acidic, and in g *^°’'*^* that in this 

stereo-hindrance) much less active. This is shown ®''^MP6rhaps through 
of these compounds in alkali (which, however, is less m* insolubility 

it is in that of o-oxy-azobenzene), but also, for example, j fban 

tion by methyl sulphate, a reaction which goes <iuantitati^*^w®^®® methyla- 
but with much less ease in the ortho.' In the same *^® series, 

react with diazomethane to give their methyl ethem, the' ^^^® P^s bodies 
all ^ ; and this last fact cannot be explained by giving n riot react at 


Since 


a liydrazone should react with diazomethane tbA,, i ^ ^^^oid structure 


group. 


^ Cf. McPherson, JSer, 28. 2414 (1895) ; Am. Ch: J. 22, 364 ( 

2 Hewitt, J.C.S. 1900 . 99 ; Hewitt, Aston, ib. 712, 810; Hewitt v 
Lindfield, ib. 155 ; Hewitt, Phillips, ib. 160 ; Hewitt, Anld, ib, jqq ’ isoi. 49 • Hewitt 
1906 . 182. 3 36 . 4093 (1903). Hewitt, Walker, ib! 


^ Colombano, C> 08 . i. i 


C. Smith, Mitchell^ J. 


C'-S. 1808 . 843 . 
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The argument of Goldschmidt, that the ortho compounds are quinoid because 
they do not react with phenyl isocyanate, he has himself shown to be untenable,^ 
as the reaction can be‘' brought about under suitable conditions. Goldschmidt 
has therefore abandoned his former view, and now considers that all oxy-azo- 
compounds are true phenols. 

An investigation of the ethers and esters (alkyl and acyl derivatives) of the 
oxy-azo-compounds by Auwers, Goldschmidt, Hewitt, Willstatter, and others, 
has shown that these bodies are all true phenol derivatives. In those cases 
where the acyl hydrazone compounds can be prepared, as by the action of asym- 
metrical phenyl-benzoyl-hydrazine on quinone, they change over with unexpected 
ease into the true azo-compounds ^ : — 

+ 0=0=0 ^ 0.co>-N=O=O 0-N=N-O-O CO.?6. 

This suggests that the free hydrogen compounds, which can change much 
more easily, will also assume the phenol structure. 

Borsche ® has examined the case of bodies containing the group 

attached to other than aryl radicals, and his results indicate that here also the 
azophenol structure is more stable than the isomeric quinone-hydrazone. 

The evidence from the physical behaviour of the free oxy-azo-compounds, 
such as it is, points to the same conclusion, or at least does not contradict it. 
Auwers * showed that the cryoscopic behaviour of the para oxy-azo-compounds 
was that of phenols, while the ortho bodies gave ambiguous results. ' The 
evidence on which Hantzsch and Parmer® based the view that these bodies 
were pseudo-acids was weak, and they have subsequently abandoned it. But 
more recently Hantzsch and Glover® have shown, from the consideration of 
their colour, that the free para compounds must have the same constitution as 
their ethers and esters, i. e. that they must be phenols. Lemoulf^ concludes 
from the heat of combustion of a series of azo-dyes that they are all true azo- 
compounds. Tuck ® claims to have proved from the ultra-violet absorption that 
all the para derivatives are of the phenol type, and also the ether of the ortho 
series ; but that the free ortho compounds and their acyl derivatives are hydra- 
zones. Not only, however, is the whole basis of his method open to some 
doubt, but the actual results point just as much in the opposite direction. 

We may conclude, therefore, that the free oxy-azo-compounds, whether they 
belong to the ortho or t© the para series, have the true phenol structure 

* Ar-N=N-06H4-0H. 

This is an example of the general tendency of the quinoid derivatives (and the 
hydroaromatic bodies in general) to pass back if possible into aromatic com- 

* Galdsclimidt, Low-Beer, JBer. 38. 1098 (1905). 

^ Willstatter, Veraguth, Ber, 40. 1432 (1907). 

s Amn, 334. 143 (1904) ; Borsche, Ockinga, ib. 340. 85 (1905) ; Borsche, ib. 343. 176 (1905) ; 
357. 171 (1907). 

^ Auwers, Orton, Z. Fh. Ch, 21. 355 (1896) ; Auwers, Ber. 33. 1302 (1900). 

® Hantzsch, Ber, 32.590 ; Hantzsch, Parmer, ib. 3089 (1899). 

« Ber, 39. 4153 (1906). C, M. 143. 603 (1906). 


« a JS, 1907. 449. 
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pounds. (Compare tlie case of the quinols.) When the passage of the azo into 
the hydrazone type does not involve the production of a quinoid ring (as in the 
mixed azo-compounds), the hydrazone structure is the more stable, as is shown 
by the ease with which benzene-azo-methane goes over into acetaldehyde 
phenyl-hydrazone. 

The alkaline salts may be taken to have the same constitution as the mother 
substances, for it is scarcely likely that the replacement of the hydrogen by 
a metal will favour the hydrazone as opposed to the phenol form. On the other 
hand the oxy-azo-compounds can also act as very weak bases and form salts with 
acids. This salt formation produces a difference in colour, but Tuck^ has 
shown that the same difference is produced in the free oxy-azo-compound as in 
its ethyl ether. This excludes the possibility of its going over into a hydrazone. 
Fox and Hewitt® have found that while _p-oxy-azobenzene gives with dilute 
nitric acid (which does not produce the salt to any great extent) the ortho-nitro 
derivative, if it is nitrated in concentrated sulphuric acid solution, where it is 
present practically entirely as the salt, the nitro-group goes into the para position. 

. This shows that the formation of the salt involves some change of structure, as 
might be expected from the change of colour, while it must be a change which 
can occur with the alkyl derivative. They therefore suggest that the salt is an 
oxonium compound with a quinoid ring : — 

^6.N=]Sr-O-0H 9i-NH-N=O=0<®. 

Hewitt and MitchelP point out that both in the oxy- and in the aminoazo- 
compounds, the introduction of a nitro-group in the para position to the azo 
results in a compound which changes colour and becomes bluer on treatment 
with alkali. This indicates a change of constitution, due to the presence of the 
nitro-group, and on the analogy of the nitrophenols we may assume in this case 
the production of the quinoid form : — 

The di-oxy-azo-compounds, such as azo-phenol, HO*C6H4*N=K-CgH4*OH, 
present certain remarkable peculiarities.* Para-azo-phenol (but not the meta or 
ortho compounds, nor the corresponding amino-derivatives) can be oxidized by 
silver oxide or lead dioxide to a substance which must have the formula 

and is known as quinone-azine. The failure of this reaction in the ortho series 
is a strong argument against the ortho oxy-azo-comp^unds having a quinoid 
structure,, as in that case they ought to oxidize easily. Quindhe-azine occurs in 
two different solid forms, which are possibly stereoisomers. On reduction it 
takes up two atoms of hydrogen again, but the product is not the original 
azo-phenol but a new modification. The differences between the two forms of 
azo-phenol are small, but quite distinct (in colour, solubility, &c.). The isomerism 
is maintained in solution and in the salts. The fact that neither foim is reduced 
further by such agents as phenyl-hydrazine indicates that 'neither of them 

n. c. 2 J 333^ s J-. (7. s. 1807. 1261. 

^ Willstatter, Benz, Ber. 39. 3482, 3492 (1906); 40. 1578 (1907). 
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possesses a quinoid structure. This is further proved by the fact that they give 
two di-ammonium salts (which cannot be derived from a quinoid form) which 
regenerate the original a* and j8>azo-phenol with acids. This seems to exclude 
structural isomerism, and to make it certain that they are stereoisomers. 
There are other cases in which stereoisomerism among azo-compounds is 
suspected,^ though in none has it been definitely established. A more detailed 
investigation of the two para-azo-phenols shows that each of the two forms is 
capable of existing in two modifications, each pair changing more readily into 
one another than into the other j)air ; and the difference persists even in the 
acetyl derivatives. No explanation has been offered of this. 

AZOXY-COMPOUNDS 
These bodies, which have the general structure 

Ar-N N-Ar, 

are the first bimolecular reduction-products of the aromatic nitro-compounds^ . 
They are made by boiling the nitro-bodies with alcoholic potash. The real 
reducing agent is the alcohol, which is oxidized to the corresponding acid. In 
this reaction it is found that ethyl is more powerful than methyl alcohol, and 
potash than soda. 

■ This method cannot be used if there is a methyl group in the para position 
to the NO 2 , as in that ease some of the hydrogen required for the reduction is 
taken from the methyl, and a dibenzyl or stilbene derivative is formed. It is 
also possible to reduce the alcoholic solution of the nitro-body with sodium 
amalgam, or to use zinc dust in the presence of alcoholic ammonia. 

The azoxy-compounds are likewise formed by the oxidation of azo- and 
hydrazo-compounds, and, as we have seen, by the action of nitroso-compounds 
on /3-aryl-hydroxylamines. This last method of formation is of the utmost 
importance, since it is practically the sole source of the bimolecular reduction- 
products of the aromatic nitro-compounds. 

The azoxy-compounds are crystalline bodies of low melting-point, and of 
a rather pale yellow colour. They cannot be distilled unchanged, and are con- 
verted into the azo-bodies by distillation with iron filings. One of their most 
interesting reactions is that when gently warmed with sulphuric acid many of 
them are converted into the isomeric oxy-azo-compounds (Wallach). 

They have not been investigated in very great detail, and there is even some 
doubt as to them structure. But the only alternative to the usually accepted 
Ar*N~N*Ar 

formula is ^ , which represents them as to some extent similar to the 

A.r*N^*A.r 

nitrosamines, I : and it has been shown by Lachman that they differ 
™ N:0 

from the nitrosamines in every possible way, being very inactive, while the 
nitrosamines are excessively active. So we may take the usual formula as 
sufficiently established. 

^ Of. Jacobson, Honigsberger, Ber, 36. 4093, 4123, note 1 (1903). 
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Eeissert ^ lias obtained isomeric forms of azoxybenzene and of o-azoxytoluene. 
They are nearly colourless, even in solution, and have higher melting-points 
than the normal forms, into which they readily pass on warming or in presence 
of catalytic agents, such as bromine. They show no definite differences from 
the normal forms in chemical behaviour. Eeissert suggests that they may have 

Ar-N=N‘Ar 
the structure H 
O 

The most remarkable point about the azoxy-compounds is that in a certain 
number of them the mysterious phenomenon of liquid crystals has been 

observed. If p-azoxy-anisol, jg ideated, it melts at 

116® to a turbid liquid, which at 134® suddenly becomes clear. The clear liquid 
is perfectly normal in its behaviour, and like other liquids. The turbid liquid 
is found to possess strong double refracting power. This would seem to imply 
that the orientation of the molecules which exists in the (solid) crystal is main- 
tained in the liquid. Various theories have been advanced to explain away the 
.phenomenon, as that the turbid liquid is an emulsion of two liquid phases, or 
a suspension of small solid crystals in the liquid. But these have been 
disproved, and there can be no doubt that we are dealing with a real liquid, in 
which, nevertheless, the molecules are maintained in a certain fixed arrangement. 
The turbidity is merely due to the fact that the various crystal drops have their 
axes in different directions, and so resembles that of a mass of powdered crystals. 
The phenomenon is widely spread among certain classes of azoxy-derivatives, 
and is also observed in bodies of quite a different type, such as the cholesteryl 
esters. With some bodies the clearing temperature is below the melting, so 
that the liquid crystal phase can only be observed in the supercooled liquid. 
In certain compounds VorMnder has noticed the occurrence of two different 
liquid crystalline phases, one dark and the other light in colour, with 
a perfectly definite transition point. The most inexplicable point about the 
whole phenomenon is perhaps the fact that the viscosity of the crystalline 
liquid is in nearly all cases less (and sometimes much less) than that of the 
isotropic form. 


NITEOSAMINES 

The nitrosamines are derived from the amines by replacing a hydrogen 
attached to nitrogen by NO. Hence two classes are theoretically possible, the 
primary E-NH-NO, and the secondary EgN-NO. Amomg the fatty compounds 
(other than the derivatives of carbonic acid) the primary nitPosamines do not 
exist at all. There are several reactions which might be expected to produce 
them, but they yield only their decomposition products. Thus a primary 
amine with nitrous acid might give either a primary nitrosamine or a diazo- 
compound : — 

CHs-NH^ + H0 N:0 - CHa-NH-NiO + H^O, 
or OH 3 .NH 2 + 0:N 0H - CHg-N^N-OH -h H^O. 

As a fact, of course, neither is obtained, but only nitrogen and the alcohol. 

1 :Ber. 42 . 1864 ( 1909 ). 

1175 - V 
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A reaction which gives a good illustration of the degree of stability of these 
primary nitrosamines is the saponification of nitroso-methyl-urethane. This 
would naturally lead to the formation of methyl nitrosamine : — 

teO H- 2H2O - CO2 + CgHg-OH + 

\OC2H5 

Hantzsch has shown that in the presence of excessively concentrated aqueous 
potash this will give a true diazotate, OHg-N^N-OK, a tautomer of the expected 
nitrosamine, but this loses potash with the utmost ease, in fact almost 
explosively, to form diazomethane : — 

CH3.N=:N-0K = KOH + C^\, 

and the latter reacts with water to give nitrogen and methyl alcohol. 

On the other hand, in the aromatic series, as we have seen, the primary 
nitrosamines can be isolated. They are formed by spontaneous change from 
the anti-diazo-hydrates. But even here they are very unstable, and can exist 
only in the solid state or in neutral solution. The presence of hydrogen or 
hydroxyl ions converts them either into a diazonium or into a diazo-compound. 
In fact these aromatic nitrosamines are at once pseudo-acids and pseudo-bases. 

The secondary nitrosamines exist both in the fatty and in the aromatic series: 
the instability of the primary being obviously due to the hydrogen which still 
remains attached to the nitrogen, and which has the same tendency to go over 
to the oxygen which we observe in the simple primary or secondary nitroso- 
compounds : — 

E2C<J.0 EaCtN-OH : E-N<^.q -» E-N=N-OH. 

Secondary nitrosamines are formed by the action of nitrous acid on secondary 
amines : — 

+ H0-N;0 = + HjO, 

fCTT \ CTTv 

In one case, that of di-isopropylamine, the nitrite, can be 

isolated ; and a salt of this type may be assumed to be an intermediate product 
in all cases. This nitrite is a crystalline substance, stable in cold aqueous 
solution, and only goes slowly on boiling into the nitrosamine. In all other 
cases, even with normal dipropylamine, the nitrosamine is formed at once in the 
cold. 

The fatty nfcrosamines are also formed in a curious way, by heating the 
nitrates of the secondary amines to 150°, when they give off oxygen : — 

= (0H,)^N^N:0 + H^O + 0. 

The secondary nitrosamines are liquids or solids, volatile in steam. The fatty 
dhtil without change, but the aromatic do not. They are much used for 
isolating the secondary amines. They separate out as oils on treating the 
mixed bases with potassium nitrite and acid. They can be made to re-form the 
secondary amines, the fatty by heating with concentrated hydrochloric acid, 
the aromatic by reduction with tin and hydrochloric acid. 
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Weaker reducing agents, such as zinc and acetic acid in alcoholic solution, 
convert them into the secondary hydrazines such as ^ They give 

the Liehermann reaction for nitroso-compounds. This is effected by warming 
them with strong sulphuric acid and phenol, when a red colour is produced, 
which, on pouring the liquid into water and adding excess of alkali, turns to 
a beautiful blue. 

"When the mixed (fatty-aromatic) secondary nitrosamines are fused with 
potash, a part is decomposed into nitrous acid and the secondary amine, while 
another part splits between the nitrogen and the fatty radical, and gives 
phenyl-nitrosamine, which forms its potassium salt, the anti-diazotate. 

If they are treated with alcoholic hydrochloric acid the nitroso-group 

migrates as usual to the ring, giving p-nitroso-methyl-aniline, Q:N< 

The same effect is produced by alcoholic hydrobromic acid, but curiously not 
by alcoholic sulphuric acid. 


NITEAMINES 

The nitro-amines or nitramines are bodies in which one hydrogen atom of 
an NH 2 group is replaced by ]Sr02. They are more stable than the nitrosamines, 
as NO 2 is usually more stable than NO, and both the primary and the secondary 
compounds are known. 

The primary fatty nitramines are formed from the monalkyl-urethanes or the 
monalkyl-oxamides. These bodies on treatment with anhydrous nitric acid are 
nitrated in the NH group thus : — 

CH3.YH CHg-N'NOg ^ 

CO-OEt CO^OEt' 

0=0-NHEt 

0=C.NH.Et 

When the products are treated with ammonia, the nitramine group ie 
replaced by the NH 2 of the ammonia, giving acetamide or oxamide and the 
ammonium salt of the nitramine, which we may write CH3*NH*N02*NH3. This, 
when boiled with alkali, loses the ammonia and gives the free nitramine. 

The primary alkyl nitramines are acid substances, which react with alkyl 

iodide and potash to form the dialkyl nitramines, such as 

The aromatic nitramines are the so-called diazobenzenic acid and its substitu- 
tion-products. This body is got by oxidizing potassium diazobenzene, or better 
potassium isodiazobenzene, with potassium ferricyanide.^ It is also produced 
by the action of nitrogen pentoxide on an ethereal solution of aniline at — 10°, 
which is evidence for its being the true nitro-amine ^•NH‘N02. In the same way 
its alkyl derivatives can be made by the action of fuming nitric acid on the 
monalkyl- or (with the loss of an alkyl group) on the dialkyl-anilines. 

^ Bambeiger, BeT» 27. 915 (1894). 

^ u2 
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Phenyl nitramine melts at 46° and explodes at 100° It is slightly soluble 
in water, giving an acid solution. It is very sensitive to acids, being converted 
mainly into ortho but partly into para nitranilihe, a further proof of its constitu- 
tion. This tendency of the nitro-group to migrate to the ring is of course the 
normal behaviour of a substituent attached to the nitrogen atom of aniline ; 
and as usual the ortho and para positions are taken up, but under no conditions 
the meta, and the reaction is promoted by the presence of hydrogen ions. If 
the para and both the ortho positions are already occupied by halogen (in 5 -tri- 
chloro- and s-tribromo-phenyl nitramine) the nitro-group is able to turn out the 
para halogen atom, either expelling it from the compound altogether, or moving 
it on to the next carbon of the ring.^ 

Phenyl nitramine is very stable to alkali, and is not decomposed by it unless 
it is fused with potash at 230-260°, when it is converted into aniline and 
potassium nitrite and nitrate. On reduction in alkaline solution it gives first 
phenyl nitrosamine and then phenyl-hydrazine. 

Its sodium salt reacts with methyl iodide to give phenyl-methyl nitramine, 

^)>N*!N 02 , which is converted by acids into ortho and para nitro-methylaniline, 

and reduces, like the mother substance, to phenyl-methyl nitrosamine and then 
to unsymmetrical phenyl-methyl-hydrazine : whereby its formula is established. 

Its silver salt, when treated with methyl iodide, yields a very unstable isomer 
of this, which decomposes on standing, and is probably an oxygen ester. 

As regards the constitution of these bodies, it is fairly certain that free 
phenyl nitramine has the structure This is supported by its forma- 

tion from aniline and nitrogen pentoxide, and by its conversion into ortho and ^ 
para nitraniline. It is, however, tautomeric in behaviour, and gives two series 

of ethers, one of which undoubtedly has the structure the bodies 

being true secondary nitramines. These must therefore be the derivatives of the 
normal form. On the other hand Hantzsch and Dollfus ^ have shown that it 
gives the ammonia reaction for pseudo-acids : that is, in dry benzene solution it 
combines with dry ammonia much more slowly than a true acid (like benzoic 
acid) does, which indicates that it requires to go over into the tautomeric form 
in order to form the salt. In aqueous solution, since it is a fairly strong acid 
(about as strong as acetic acid), it must be largely present in the isomeric hydroxyl 
form, from which the alkaline salts and no doubt the second series of ethers — 
the 0-ethers — are derived. This form may probably be, on the analogy of the 

isonitro-compouifas, ; but there is no direct proof of this, and it 

may conceivably be , a formula ’which is in fact adopted by 

SoholL’ 

' Orton, Smith, J. C. S, 1906, 389 ; 190V. 146. 

* Ber. 35. 259 (1902); Hantzsch, ib. 39. 2103 (1906). 

® Ann. 338. 11 (1904), 
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NITEIMINES' 


Certain ketoximes, especially those of the camphor series, when they are 
treated with nitrogen peroxide, instead of forming pseudonitrols in the normal 
manner, convert the oxime group into the group ISf^Og. This reaction seems to 
be confined to those compounds which have the C=NOH group attached on one 
or both sides to a tertiary or a doubly linked or a quaternary carbon atom. The 
products are known as nitrimines, and it is evident from their behaviour that 
they belong to the class of nitramines. They give the Liebermann reaction, the 
Thiele«Lachman reaction for nitramines (the formation with strong sulphuric 
acid of nitrous oxide and nitric acid), they can in some cases be reduced to 
hydrazines, and their behaviour with alkalies is that of the alkyl nitramines 
and other pseudo-acids. There can thus be no doubt that the characteristic 

group, C 2 HN 2 O 2 , which they contain must be written either )>C=C'NH-N 02 or 

)>CH-C=E’-]Sr02. It is a strong argument in favour of the second of these two 
structures that unlike the primary nitramines they will react neither mth 
diazomethane nor with phenyl isocyanate. 

They give two series of alkyl derivatives, one having the alkyl attached to 
nitrogen and the other to oxygen. The salts are obviously derived from the 
same form as the second series of ethers, and in many cases this second form, 

which must be )>C— C-N=N<^5 tt or )>C=C*!N^ can actually be isolated, 

XqX 

The passage of the pseudo-acid form into the true acid form (e. g. in presence of 
an alkali) involves the formation of an intermediate compound : — 

>GH-6=N-N02 -* >C=C-NH-N02 >C=C-N=N<§JJ. 

The N-ethers are obviously derived from this intermediate compound. , 

In the nitrimine derived from chlorocamphor a remarkable case of intra- 
molecular migration has been observed.® The nitro-group changes over spon- 
taneously from the nitrogen to the next carbon atom, giving the free imine, 
which can easily be hydrolysed to the chloronitro-camphor ; — 


Chlorocamphor- 

nitrimine. 


Chloronitro- 

camphor-imine. 


y\j — V/ 

Chloronitro- 

camphor. 


This change is exactly analogous to the transformation of phejgyl nitramine into 
ortho-nitraniline ; but among other than aromatic bodies such changes are rare. 


ISONITEAMINES^ 

Isomeric with the nitramines are the so-called isonitramines, which are 
probably nitroso-hydroxylamines, fetty isonitramines are ob- 

1 SchoU, Ann, 338. 1. (1905) ; 34S. 363 (1906). 

^ Angeli, Angelico, Castellana, Atti Line, 12 . i. 428 (C. 03. ii. 373). 

3 Traube, Ber. 28. 1785 (1895) ; 29. 667 (1896) ,* Gomberg, Ann, 300. 59 (1898). 
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tained by treating sodium acetoacetic ester with nitric oxide in the presence of 
sodium ethylate : — 

+2 NO - CH3.C0\(./N(0Na).N:0 
EtO-CO/^^^2 + ^ JNU - EtO-CO/^\Na 

When the product is hydrolysed by alkali, it gives the salt of isonitramine 
CHo-N(OH)NO 

acetic acid, 

With dilute mineral acids these bodies change over into the so-called 


CH,*NH.OH 


amidoxyl-fatty acids, such as I _ 

’ COOH 


, which are /?-hydroxylamine deriva- 


tives. On reduction in alkaline solution they give diazoacetic acid, no doubt 
through the intermediate production of the nitrosamine and the true diazo- 
compound : — 

CH2-N(0H)N0 CHa-NH-NO CH2.N=N-OH CH<f 


COOH 


COOH 


CO-OH 


• 

COOH 

The aromatic isonitramines are obtained directly from the /3-aryl-hydroxyl- 
amines by treatment with nitrous acid : — 

-f HO-NO = + H^O. 


The isonitramines are not pseudo-acids, and even in benzene solution give 
salts at once with ammonia. This shows that under all circumstances the 
molecule contains a hydroxyl group. They are, however, tautomeric, giving two 
series of esters ; but both of these have the alkyl attached to oxygen. One of 
these series is probably derived directly from the nitroso-hydroxylamine formula, 
which may therefore be assumed to be one of the tautomeric structures of the 
free isonitramines ; — 


E.N<! 


OCH, 

N:0 




The structure of the other form is unknown; it may possibly be either 
E-N<^^ or ® OOH 3 ^ these two formulae is not to be 

assigned to the 0 -esters of the normal nitramines. 
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a nitrosamine would be, is always an electrolyte of strongly acid reaction, 
whose affinity constant can be measured, and which combines with dry ammonia 
even in benzene solution* These bodies must therefore have a constitution 
corresponding to that of their salts, and must really be diazo-urethane hydrates, 
^N=:]sr*OH 

€0 • This view accords with their decomposition, in which, as in the 

\0-Alk 

normal decomposition of the diazo-compounds, nitrogen is evolved. 

Hantzsch’s results are in striking contradiction to the views previously held 
as to the constitution of these bodies. We have been accustomed to regard the 
free diazo-hydrates as true diazo-compounds, and the urethane derivatives as 
nitrosamines. But his work shows conclusively that the reverse is the case. 
The free iso-diazo-hydrates have at best only a temporary existence, the stable 
form being the nitrosamine, while the nitrosourethanes are really diazo-hydrates. 

The secondary nitrosourethanes are obtained by the action of nitrous acid on 
the alkyl-urethanes : — 

+ HONO ^ 0^0 + HgO. 

\0-Et \0-Et 

The desmotropic diazo-formula is here excluded, since the mobile hydrogen 
is replaced by alkyl. 

This body, nitroso-methyl-urethane, is chiefly remarkable as the source from 
which V. Pechmann first prepared diazomethane, a reaction which has already 
been discussed. 


Of the nitroso-derivatives of urea only the secondary are knowm. The 
reduction of nitro-urea itself cannot be stopped at the stage of nitrosourea, but 
proceeds further to amino-urea or semicarbazide. 

The secondary compounds are obtained in the usual manner from alkyl 
ureas and nitrous acid. On reduction they yield the amino-ureas or alkyl- 
semicarbazides, which are hydrolysed by alkalies to give the alkyl-hydrazines : — 


=0 C=0 " 

sNH, \NH, 


\nh„ 


CHs-NH-NHg 

COi? 

+ nh; 


"NHNO 


Mtroso-guanidine, C=NH 


, is prepared by reducing nitro-guanidine with 


zinc and sulphuric acid. It is a yellow powder which explodes without melting 
at 160'^. It forms metallic salts of the usual anti-diazo type, •but seems in the 
free state to be a true nitrosamine and not a diazo-hydrate. Thus it is neutral 
to litmus and is not an electrolyte. This view is supported by the fact that on 
decomposition it gives almost a quantitative yield of nitrous acid, and scarcely 
any nitrogen. 


Nitrchderivatives 


The nitro-derivatives of the amides of carbonic acid are obtained by 
direct nitration. For this purpose it is necessary, as in the aromatic series, to 
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employ concentrated nitric acid in the presence of excess of strong sulphuric 
acid. In some cases the nitro-compounds are decomposed further by excess 
of nitric acid, and so only the theoretical quantity must be employed. 
This is most conveniently done by using the nitrate of the amide, which 
necessarily contains one equivalent of nitric acid, and adding this to 
excess of strong sulphuric acid, or, in some cases, of acetic anhydride, l^itro- 

urethane, CO or CO OH, is made in this way. It is a crystal- 

\0-Et \0-Et 


line body melting at 64°, which has an acid reaction and forms salts. From its 
acid character it is fairly certain that it must in the free state be an iso-nitro- 
compound. On reduction it gives first nitroso- and then amino-urethane. 

INitro-urea, obtained by dissolving urea nitrate in strong sulphuric acid at 
a low temperature, is a crystalline compound which, when dry, is remarkably 
stable, and does not melt or decompose unless strongly heated ; but in water it 
breaks up if heated above 60°. It is a strong acid, expelling acetic acid from its 
salts, and forms salts of neutral reaction. Hence it must be the iso-nitro- 
compound : — 


C=0 

Xnh. 


^0 

\OH. 


Nitro-guanidine, which is prepared in the same way, is a substance of similar 
properties. 



CHAPTER XIV 


COMPOUNDS CONTAINING A CHAIN OF THEEE OR MORE 

NITROGEN ATOMS 

These bodies have been classified by Curtins, on the analogy of the carbon 
compounds, as derivatives of (mainly hypothetical) compounds of nitrogen and 
hydrogen corresponding to the hydrocarbons. Thus we have : — 

NH3, Ammonia, analogous to CH4. 

NHg-NHg, Hydrazine, analogous to 

NH2-NH-NH2, Prozane, analogous to CH3CH2-CH3, propane. 

NHg-NH-NH-NHg, Buzane, analogous to CH3-CH2-CH2-CH3, butane, 

• and so forth. This nomenclature, though it is systematic, has not been much 
used, as nitrogen chains are much less stable than carbon chains, and therefore 
form a less satisfactory basis of classification. 


DIAZOAMINO-COMPOUNDS 


Of the three-nitrogen compounds the most important are the derivatives of 
prozene, which may be regarded as the amidine of nitrous acid. 

To this class belong the diazoamino-compounds, which, in the aromatic series, 
have long been known. They are readily formed by the action of aromatic 
diazo-compounds on aromatic (and in some cases fatty) amines in neutral or 
acetic acid solution, and are of course intermediate products in the formation of 
the aminoazo-dyes : — 

Ar‘N=NOH + H2N-Ar - ArN^N-NHAr + H 2 O. 

This method of formation can be modified in various ways. Solid diazobenzene 
chloride and normal potassium benzene-diazotate will combine with amines in 
the absence of water. The symmetrical derivatives can also be got directly by 
the action of one molecule of nitrous acid on two molecules of an aromatic 
amine. Another reaction which leads to them is that of the nitroso-anilides on 


the primary amines : — 


CO.OH3 


H2N0 


+ CHa-Cp-OH. 


The method of preparation through the diazo-compounds can of course only give 
derivatives containing at least one aromatic nucleus. But a general method 
of preparation is afforded by the action of an azide on an organo-magnesium 


compound ^ : — 

MgBr 

E-N<| + Ei-MgBr - E-N-N^N-Ej 


E-NH.N=N-Ei + MgBrOH. 


^ Dimroth, Ber. 36. 909 (1903). 
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By means of this reaction Dimroth ^ has succeeded in preparing the previously 
unknown diazoamino-paraffins, including the mother substance of the group, 
diazoamino-methane CH 3 -]S[H*]Sr=]Sr‘CH 3 , or, as it is more conveniently named, 
dimethyl-triazene. It is made by the action of methyl azide CHg-lSfg on 
methyl magnesium iodide. It is very difficult to isolate, being decomposed at 
once by all acids, even carbonic, and being also miscible with water and volatile 
even with ether vapour. It was obtained from the ethereal solution in the form 
of its cuprous compound CH 3 *NCu-K=]Sr*CH 3 . Acids cannot be used to de- 
compose this compound, as they destroy the triazene, and it was therefore 
mixed with an equivalent of diazoamino-benzene, which is more acidic, and 
therefore takes up the copper, and the dimethyl-triazene was distilled over 
under reduced pressure. It is a colourless liquid, which solidifies on cooling to 
crystals which melt at - 12°. It boils with slight decomposition at 92°, and 
explodes when suddenly heated. In spite of its power of forming salts with 
metals, its aqueous solution has an alkaline reaction, but it does not form salts 
with acids, as they decompose it at once ; even water containing carbon dioxide 
immediately breaks it up, two-thirds of the nitrogen being evolved, and methyl* 
alcohol and methylamine produced : — 

CHs.NH.N^N CHg + H^O - + 1^2 -F CH3OH. 

In pure water it is fairly stable, but on addition of colloidal platinum nitrogen 
is evolved. 

In the same way Dimroth ^ has prepared benzyl-methyl-triazene 

0.CH2.N3H.CH3, 

a liquid which is very unstable to acids, and a series of mixed derivatives, such^ 
as methyl-phenyl-triazene (M.Pt. 37°), and others, which are intermediate in 
properties between the purely fatty and the purely aromatic compounds. As 
the alkyl groups are replaced successively by aromatic radicals, the stability of 
the compound, especially to acids, increases, the aryl-triazenes being very fairly 
stable. At the same time the colour, both of the free triazenes and of their 
metallic derivatives, increases, as is shown by the following table : — 

Triazene. Silver salt Guigrom salt 

Dimethyl- .... Colourless Colourless Pale yellow 

Methyl-benzyl- . . Colourless Colourless Pale yellow 

Phenyl-methyl- . . Colourless Yellow Orange 

Diphenyl- .... Yellow-brown Eed Brick red 

Dimroth ® has showmthat the mixed derivatives can be made by treating the 
diazo-salts with the alkylamines ; but only under special conditions, as even 
traces of acid break up the triazene, while if the amine is not in excess the bis- 
diazoamino-compound (Ar‘E=N~) 2 N-Alk is formed. 

The aromatic triazenes or diazoamino-compounds, which are much better 
known, are crystalline substances, insoluble in water, acids, and alkalies. They 
are^ generally yellow or brown, but in some cases the colour has been found to 
be due to an impurity : thus diazoamino-toluene, if carefully purified, is colourless. 

^ Ber, 39 . 8905 ( 1906 ). 2 Ber. 38 . 670 ( 1905 ). 

'3 Ber, 38 . 2328 ( 1905 ). 
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They are feebly basic, forming unstable compounds with platinic chloride and 
unstable salts with strong acids. As in the fatty compounds the imide hydrogen 
can be replaced by metals, giving salts of the type Ar*N=:N-NM-Ar. The 
mercury, copper, and silver salts are much more stable than those of the alkalies, 
as we should expect from the metal being attached to nitrogen. 

Their behaviour in many respects is that of diazo-anilides. They easily split 
up into an amine and a diazo-compound or its decomposition-products. Thus 
in ethereal solution they are broken up by hydrobromie acid into the diazonium 
bromide and aniline hydrobromide. Cold concentrated hydrochloric acid con- 
verts diazoamino-benzene into aniline hydrochloride and chlorobenzene. 

’ On reduction they give aniline and phenyl-hydrazine. All attempts to obtain 
as an intermediate reduction-product the prozane or triazane derivative 

ArNH-NH-NH-Ar, 

hydrazoamino-benzene, have failed ; although, as we shall see later, they have 
to a certain extent succeeded with some of the fatty derivatives. 

When boiled with dilute hydrochloric acid they give phenol, nitrogen, and 
. aniline, though they are often only slowly decomposed. 

In all these reactions they behave as diazo-compounds, from which, however, 
they are distinguished by their much greater stability. Thus on heating they 
usually melt without decomposition at a fairly high temperature (diazoamino- 
benzene at 98°), and though on further heating they ultimately explode, yet 
they do so with much less violence than the diazo-compounds. Indeed by 
mixing them with sand, or by dissolving them in solvents of high boiling-point, 
such as aniline or liquid paraffin, this decomposition may be made to go quite 
-v- quietly. It is then found that two-thirds of the total nitrogen is evolved as 
such, while the residue mainly consists (in the case of diazoamino-benzene) of 
ortho and para-amino-diphenyl. 

The most important reaction of the diazoamino-bodies is their conversion 
into the aminoazo-compounds, which has already been discussed. This reaction 
is greatly assisted by the presence of an amine salt. Its velocity has been 
investigated by Goldschmidt and Eeinders,^ who dissolved in the amine known 
quantities of the salt and of the diazoamino-compound, and determined the 
amount of the latter which remained unchanged after a given time by measuring 
the volume of nitrogen evolved on heating it with acid. They found that the 
rate of formation of the aminoazo-compound was proportional to the quantity of 
diazoamino-body present (monomolecular), and also to the amount of amine salt. 
If different acids were used, the velocity was proportional to the strength of the 
acid. Where the ortho-aminoazo-compound is formed (c^ing to the para 
position being occupied) the reaction is much slower. 

The structure of the diazoamino-compounds obviously admits of the same 
stereoisomerism as is observed among the simpler diazo-compounds. They may 

Ar-N Ar-N 

either be syn- or anti-bodies, 11 or II . Their comparatijrely 

Ar-NHN NNH-Ar 

great stability, the absence of explosiveness, and the slowness with which they 

^ Ber, 29 . 1369, 1899 (1896) ; Goldschmidt, Merz, Ber. 30 . 670 (1897). For the influence of 
substituents on the formation of aminoazo-compounds see Morgan, Wootton, J, C. S, 1905 . 935. 
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<30uple, all show that they must have the anti-formula. Orlow ^ claims to have 
prepared an unstable isomer of diazoamino-benzene, which is more reactive than 
the normal form. This may possibly be the syn-compound, but its existence is 
doubtful. 

There is another interesting <][uestion as to the structure of these bodies. 
The unsymmetrical diazoamino-compounds, i. e. those containing two different 
aromatic groups, exhibit a peculiar tautomerism. By condensing diazobenzene 
with toluidine we should expect to get the reaction : — 

4- H2N C7H7 - + HgO, 

and from diazo-toluene and aniline : — 


07 H 7 .N=N.OH + + HgO. 


The two compounds with these formulae would be different, but they would be 
desmotropic, that is, they would differ only in the position of a hydrogen atom, 
and in the consequent position of the double bond. 

As a fact the product obtained in both these reactions is the same. Moreover, 
the investigation of its behaviour for a long time led to no results capable of 
determining which of the two formulae it possesses. For example, on heating* 
it with dilute hydrochloric acid we should expect that (as with the symmetrical 
compounds) the radical next to the NH would separate as amine, and the other 
as phenol. But the actual products are all the four possible substances : aniline 
and cresol, and toluidine and phenol. 

It has, however, been shown by Dimroth that if the decomposition by acids 
is carried out at 0°, the reaction only goes in one direction, and only a single 
amine is formed. Now the structure of these bodies can be investigated in 
another way, which is due to Goldschmidt, They combine with phenyl iso-*" 
cyanate to form a diazo-urea: — 


/NH-Ari + Ar-OH 


Ar-N=N-N.Ari 
Ar]Sr=NNH Ar, _ 

+ OC=N-^ “ I ^ 

and this decomposes, splitting off the diazo-group, and leaving a simple di- 
substituted urea. The constitution of this last body may fairly be assumed to 
indicate the position of the hydrogen in the original diazoamino-compound. 
The aryl group which was joined to the imide nitrogen in the original compound 
will be that which remains in the resulting urea, while the one which was next 
to the diazo-group will be split off. Goldschmidt has applied this method to 
a large number of diaxoamino-compounds with various substituents in the 
benzene ring, and^nds that the imide group is always next to the most positive 
radical. Dimroth * has extended it to his mixed fatty-aromatic derivatives with 
a similar result, the imide group being always next to the alkyl radical. Thus, 
for example, from their behaviour with phenyl isocyanate we should conclude 
that benzene-diazoamino-toluene is 0-N=N‘NH-C7H7, and the phenyl-methyl 
compound ^'N=:N-NH*CH3. Acetyl chloride behaves in the same way, giving 
a diazo-urea of the same type. 

The remarkable point is that the results obtained by this method are 


^ C. 06. ii. 1569. 2 Dimroth, Eble, Gruhl, Ber, 40. 2390 (1907). 
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diametrically opposed to those obtained by decomposing the bodies with acids. 
If methyl-phenyl-triazene is we should expect that with acids 

at (f it would give diazobenzene and methylamine. But it forms methyl alcohol 
(or methyl chloride), nitrogen, and aniline, not even a trace of a diazo-compound 
being produced. A. certain amount of light is thrown on thia (question by the 
behaviour of the bis-diazoamino-compounds. These bodies are formed by the 
action of two molecules of the diazo-salt on one of a primary amine, and, as will 
be shown later, their structure must be of the type ^*N=N*N(CH 3 )-N=]Sr- 9 ^. 
They are decomposed by alcoholic hydrochloric or sulphuric acid below 0°, and 
instead of giving two molecules of diazo-compound and one of amine, they give 
only one of diazo (together with one of alkylamine) and evolve one molecule of 
nitrogen. This formation of nitrogen must be due to a preliminary decomposi- 
tion into a diazo-body and the triazene, which then breaks up in the normal 
manner ; and the triazene so formed must, at least in the first instance, have 
its hydrogen atom attached to the nitrogen which carried the diazo-group : — 
(0.N=N-)2l^.CH3 0.^201 + 0.N=N.NH.CH3 

We must, therefore, admit that the decomposition wdth acids does take this 
abnormal course, and that the reaction with phenyl isocyanate, supported as it 
is by those with acid chloride and with diazo-salts themselves, gives a true 
indication of the formulae of these bodies. 

To explain why it is that the same compound is obtained by diazotizing 
either of two aromatic amines and coupling it with the other, Goldschmidt has 
advanced a rather elaborate theory, involving the formation of addition-products 
with the acid present. This has been disproved by Dimroth, who showed that 
-ihe same body was obtained from the azide of one aryl radical and the organo- 
magnesium compound of another, in whichever way the reaction was carried 
out. The theory is, indeed, obviously superfluous, the tautomerism being strictly 
analogous to that of the anti-diazo-hydrates and the nitrosamines : — 

Ar-N-H ^ Ar-N Ar-K-H 

N.OH ^ N:0 ’ lr.KH*Ari i=N.Ar/ 

The only important difference is that whereas in the first case the two tautomers 
belong to quite different chemical types, and so can sometimes be separated, in 
the case of the diazoamino-compounds they are so similar that no such separation 
is possible ; this being what v. Pechmann has distinguished as ‘ virtual tauto- 
merism The readiness with which the tautomeric change occurs is a further 
argument for the anti-formula. As we see in the case of the diazo-hydrates, 
such a change is characteristic of the anti- and not of the syn-^ompounds ; and 
this is natural, since the change in position is less in the anti-series. 

Incidentally this mobility of the imide hydrogen furnishes a conclusive proof 
of the correctness of the general structural formula (apart from stereo-chemical 
considerations) adopted for the diazoamino-compounds. Their method of foriga- 
tion only admits of three possible structures. First, they might be symmetrical 
ring compounds of the type 

NH 

> Ar.]^^.Ar* 
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X 
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This is at once ruled out by the fact that it is impossible to give an analogous 
formula to the condensation-product of diazobenzene hydrate with secondary 
amines like ethyl-aniline ; and yet these bodies behave exactly like the ordinary 
diazoamino-bodies. Also it is impossible to explain the phenyl isocyanate 
reaction on this formula. Secondly, we might suppose them to be diazonium 
Ar-N-NH-Ar 

compounds, Jl^ ; and thirdly, there is the usual diazoamino-formula 

Ar-N— N-NH-Ar. Kow the identity of the two desmotropic unsymmetrical 
bodies which have just been discussed is conclusive in favour of the third 
formula. It is evident that the two pass into one another with great ease. On 
the third or diazo-formula this only requires the migration of the imide hydrogOn, 
which, as we know from many parallel instances (such as that of the anti-diazo- 
hydrates), can occur very easily. But on the second or diazonium structure; it 
would require not only that the imide hydrogen should go from one nitrogen 
to the other, but also that the triply linked nitrogen should make a aitnilgr 
migration in the opposite direction: — 


Ar-N-NHAri Ar-NH-N-Ai-j 
I III • 

N N ’ ^ 

and it is practically impossible that so great a change of structure should occur 
so easily. 

The first diazoamino-compounds of the aliphatic series to be prepared belong 
to a quite different class from those mentioned above, and were discovered by 
Thiele. The starting-point of the investigation is the so-called diazoguanidine, 
which was discovered by Thiele’' in 1892, and was re-examined in 1901 bj^ 
Hantzsch and Vagt,“ who showed that it is not a diazo-compound at all, but an 
azide. Thiele found that when amino-guanidine is treated with potassium 
nitrite in acid solution, a eompotmd of the composition CNgHg-HX is produced, 
which he supposed to be diazoguanidine : — 

HNOs /NH-N^-ONO, 

-1- ONOH = Q=NH ■^-i-2H,0. 




\NH„ 


This body, if it existed, would be a most remarkable substance. It would be 
a unique case of the diazotizing of an amino-group attached to nitrogen. Its 
properties are also very unusual for a diazonium compound. It is not decom- 
posed even by warming the solution ; it does not give off nitrogen when boiled ; 
and on treatment with alkali it forms metallic azides. Its salts have an acid 
reaction, wherea^ a diazonium salt, ■with so positive a group as the guanidine 
residue, should be neutral. Moreover, on treatment with alkali a diazonium salt 
would first form the basic diazonium hydrate and then the alkaline diazotate. 
But this body first gives an indifferent unstable compound, and then breaks up 
into hydrazoic acid and cyanamide. 

For all 'these reasons it is clear that the body is not a diazonium salt at all. 
On the contrary, all its reactions indicate that it is, as one would expect from its 
formation, an azide. The fact that it forms a salt is merely due to the presence 


^ Ann* 1 . 


* Ann* 314 . 339 , 
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of the unmodified group in the guanidine, and the eijuation which 

represents its formation is: — 

/NH-NHg / 

fcNH + HONO = (^NH + H,0 . 

NNHa-HNOg NNH^-HNOs 

It is the nitrate of carbamide-imide-azide. The first effect of treating it with 
alkali is to liberate the free azide, which, if left to itself, rapidly changes into 
a ring compound, aminotetrazole : — 


H 




If the free azide is treated with more alkali it breaks up into hydrazoic acid 
and cyanamide; — 


/Ns 

C!=NH 

\nh.. 


HN, 




One remarkable reaction, which appears to favour Thiele’s original view, is 
that when treated with potassium cyanide it is converted, like a diazonium 
salt, into a true diazocyanide : — 


/NH-N=N-C]Sr 
(^NH ; 

NNHa 

but Hantzsch has shown that other similar compounds, and especially the azide 


/-N3 

of urea, CO , behave in the same way. 

It is through these diazo-cyanides that Thiele^ was able to prepare the 
diazoamino-compounds. In fact diazoguanidine cyanide is itself a diazoamino- 
compound, as is obvious from the formula. It is the amidine-nitrile of triazene 
dicarboxylic acid, COgH-iN'H-N^N-COaH. Like all the diazo-cyanides it has the 
full nitrile character, and thus the CN group can be converted into an amide 
or an ester : — 


/NH-N=N.C<S„ /NH-N=:N.C<5-p. 

C=NH or c=NH • 

\NH2 NNHa 

These bodies resemble the other diazoamino-compoimds in giviag off two-thirds 
of the triazene nitrogen as such on heating with dilute acids; but they differ 
from them in being decomposed by alkalies, to which the others are stable, and 
in being unaffected by cold concentrated acids. 

Thiele has also succeeded in reducing these compounds to triazane derivatives 
or hydrazoamino-compounds. Like so many bodies with doubly linked nitrogen, 
they add on sulphurous acid to form the sulphonic acid of the reduced derivative. 
Since the product no longer behaves as a diazoamino-compound the reduction 


■ Ann, 305 . 64 ( 1899 ). 
X 2 
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must take place in the triazene group, and the only question is whether the 
SO3H goes to the middle or the end of the nitrogen chain : — 

/NH.lir.NH.C<g2 

(1) (^NH SO3H ■ (2) 

If the resulting substance had the first formula, it ought to be easily oxidized 
back to a diazoamino-derivative; but it is stable to oxidizing agents, and 
therefore must have the second formula. 

All attempts to remove the SO3H and replace it by hydrogen have failed. 
We should expect the reaction to take place as it does with phenyl-hydrazine 

/NH-Y-NH-CO-NH, /MH-NH-CO-NH, 

C=NHS03H + HOH = C^NH + HO-SOgH. 

XNHa XNHa 

If it is warmed with acids sulphuric acid is split off, but the triazane which 
must be produced breaks up at once in a complicated manner, giving nitrogen,^ 
carbon monoxide, guanidine, and other products. 

Thiele has also attempted to reduce these diazoamino-compounds directly. 
Under ordinary circumstances this gives, as it does in the aromatic series, 
a mixture of an amine and a hydrazine derivative. But if the body is carefully 
reduced with zinc dust and ammonium chloride, a colourless solution is obtained, 
which gives no reactions of the triazene. The product must have the Ng chain 
intact, since on oxidation the diazoamino-compound is re-formed. It has strong 
reducing properties, and on warming readily decomposes into the same sub^ 
stances as are obtained by splitting off sulphuric acid from the sulphonic acid. 
It is evident, therefore, that in both cases the true triazane derivative, 

/KHNH.NHCONHg 

C=NH 

\NH2 

is formed, but that it is too unstable to be isolated. This great instability 
makes it improbable that any attempts to prepare triazane itself, NH2*NH*]NH2, 
will succeed. 

Darapsky ^ has endeavoured to form triazane derivatives by an extension of 
Schestakow’s application of the Hofmann reaction. Schestakow obtained 
hydrazine compounds in this way from derivatives of urea (p. 187), and Darapsky 
applied the reaction to hydrazine derivatives of urea, which should produce 
triazanes, phenyi^semicarbazide, for example, giving phenyl-triazane thus : 

^*NH*NH N=C=0 ^dSTH KH NHg. 

But in no case was such a triazane obtained. The oxidation always proceeded 
further, with the formation either of an azide, 

HjiN-CO-NH-NH-NHg H2N-CO-N<^ H-Ng, 

or of nitrogen itself. This affords a further illustration of the instability of the 
triazane derivatives. 


1 J. pr. Ck [2] 76. 433 (0. 08. i. 452). 



Tetrazane Derivatives 


813 


BUZANE OE TETKAZANE DEEIVATIVES 

Derivatives of buzane, !NH 2 ‘NH.NH*EH 2 , are v. Peebmann’s bydrotetrazones, 
wbicb are formed by oxidizing bydrazones with amyl nitrite : 

^ ^ ^&-CH=N 

lIN-(p ^ 

They all dissolve in concentrated sulphuric acid to give brilliantly coloured 
solutions ; the compound whose formula has just been given (yellow needles, 
M.Pt. 180'") forming a deep blue solution. This is probably the origin of the 
Btilow reaction, the brilliant colour which bydrazones give with feme chloride 
or potassium bichromate in concentrated sulphuric acid. 

The hydrotetrazones are readily reduced back to bydrazones. When heated 
with alcoholic potash they undergo a remarkable change — a sort of reversal of 
,the Beckmann reaction — to form benzil osazone : — 

0.CH HO.<^ <f>-G CA 

The buzylene compounds or tetrazenes, as they are properly called (though 
they are generally known as tetrazones), are of two kinds, the derivatives of 
symmetrical tetrazene, NIl 2 *E— N*]SfH 2 , and of unsymmetrical, NH~N*NH*NIl 2 . 
JThe former are obtained by oxidizing the unsymmetrical secondary hydrazines 
writh mercuric oxide ^ : — 

(CH 3 ) 2 N-~NH 2 + O 3 + H 2 N--]Sr(CH 3)2 - (CH3)2lSr.E=]Sr.N(CH3)2 + 2 H 2 O. 

They are strongly basic colourless oily substances, easily volatile with steam, 
which explode when heated to a somewhat high temperature. They reduce 
silver nitrate in the cold, and form very soluble and unstable salts. When the 
solution is boiled, half the nitrogen comes off as such, with the formation of 
an amine and an aldehyde. 

The aromatic tetrazones are very similar.® 

The derivatives of unsymmetrical tetrazene, NH=E*NII-EH 2 , are obtained 
by the action of diazo-compounds on hydrazines in acetic acid solution,® and 
hence are known as diazo-hydrazides. Their structure has been determined in 
the following way.^ Benzal-benzyl-hydrazone, combines 

with nitrophenyl-diazo-hydrate to form a diazo-hydrazide which can only have 
the formula : — 

This same compound is formed from the diazo-hydrazide got by treating with 


^ Cf. Francliimont, van Erp, Bee. Trav. 14 . 817 (1896). 

2 Of. Wieland, Ber. 41 . 3498 (1908). ® Wohl, Ber. 86 . 1587 (1893). 

4 Wohl, Schiff, Ber. 33. 2741 (1900). 
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benzaldehyde the diazo-hydrazide obtained from nitrophenyl-diazo-hydrate and 
benzyl-hydrazine. Hence this last-named body must have the structure 

and in general the diazo-hydrazides must he of the type Ar‘N=]Sr*N<^^^2 ^ 

They are unstable basic substances, which break up on reduction into phenyl- 
hydrazine and two molecules of hydrazine. 


BIS-DIAZOAMINO-COMPOUNDS 

These bodies, containing a chain of five nitrogen atoms, are formed by the 
condensation of two molecules of a diazo-compound with one molecule of 
ammonia or a primary amine — 

9^.N=:]Sr.OH -f NH3 -f + 2 H^O. 

It is conceivable that the reaction might go in a different way, diazobenzene 

^ ^ fN-N=N.CH3 

combining, for example, with methylamine to give a body ^ 

Now these bodies are also formed by the action of a diazo-compound on an aryl- 
alkyl-triazene, and if they had the unsymmetrical formula one would obtain 
a different product by treating phenyl-methyl-triazene with diazotoluene and 
tolyl-methyl-triazene with diazobenzene. Experiment ^ showed, however, that 
the two products were identical, so that the bis-diazoamino-compound must 
have the symmetrical structure Ar-N=N*N(Alk)N=N*Ar. These bodies are 
colonized, generally very explosive substances. When boiled with alkali they 
break up in the normal manner into two molecules of phenol, one of amine, an^ 
two of nitrogen. Their singular decomposition with acids has already been 
mentioned. Those which are derived from alkylamines give, even at 0 °, one 
molecule of diazo, one of nitrogen, one of phenol, and one of alkylamine. This 
is no doubt due to the preliminary formation of the diazoamino-compound : — 
(Ar*N=N-).N*CH3 Ar-N^N-OH + ArN=:N.NHCH3 

Ar-OH + Ng + H2N‘CH3. 

Bis-diazoamino-benzene itself, instead of giving, as we should expect, phenol, 
nitrogen, and ammonia, forms phenol, aniline, and nitrogen. This may be ex- 
plained in a similar way, by the intermediate production of phenyl-triazene : — 
(^.]Sr=N-)2NH ^6-N=:N.OH + ^6.N=::N*NH2 + N^ + + ^ 2 * 


OCTAZONES 

The longest known chain of nitrogen atoms consists of 8 , and occurs in the 
octazones. These curious bodies were obtained by Wohl and Schiff ® by oxidizing 
the diai:o-hydrazides with potassium permanganate : — 

2 ^.N=:N.N^6.NH2 + 20 - ^^.N=NN<3^.N=N*N(3&-N=N-0 + 2 H 2 O, 
the reaction being exactly analogous to that by which a hydrazine is converted 
into., a ) tetrazone. 

The octazones are yellow bodies which are, as one might expect, very 
unstable and highly explosive. 

^ V. Teokmooii, Frobemus, J?er. av. 703,898 (1894) ; 28. 170 (1895). 

» BimrothjEble, Ornbl, JBer. 40 . 2390 (1907). ® Ber. 33 . 2741 (1900). 
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URIC ACID DERIVATIVES 


These bodies are, strictly speaking, heterocyclic compounds, but from their 
close^ relationship to the open-chain compounds, and the ease with which they 
pass into them, they occupy a somewhat anomalous position, and are most con- 
veniently treated as a class by themselves, before we come to deal with the 
various types of nitrogenous rings. 

^ The central point of the whole group is uric acid itself; but this cannot be 
discussed until after the consideration of some of the simpler compounds from 
which it is built up. 

Urea, as a substituted ammonia, can combine with acids with loss of water 
to form a series of compounds analogous to the amides. These are known as 
ureides : e. g. : — 


as 


CO + HOCOCH3 


/NH-CO-CHo 
Acetyl urea. 


+ H2O: 


NH3 + HOCOCH3 = NHg-CO-CHj + HjO. 


„ . . /NH-CO-CHs 

it tins condensation occurs twice we get di-ureides, such as CO 

But if, instead of two molecules of a monobasic acid, one molecule of a dibasic 
acid combines with one of urea, the resulting compound contains a closed ring. 
Such compoxmds are called cyclic ureides : an example is oxalyl-urea or parabanic 
/NH-CO 
acid, CO I . 

\nh-co 


It is unfortunate that as many members of this ^oup were known long 
before their formulae were made out, they have received a«series of irrational 
names ; but these names are now so well established and so constantly employed 
that they cannot be altogether neglected. 

In behaviour the cyclic ureides show a certain resemblance to the imides of 
the dibasic acids, such as succinimide. There is the same tendency to break the 
ring in the presence of alkali, with the formation of mono-ureides which afe at 
the same time acids : the ultimate effect of alkali being of course to split up the 
compound completely into the dibasic acid and urea, or ammonia and carbonic 
acid. Compare 
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and 


CH2-CO 

I >NH 

CHjj-CO 

Succinimide. 

CO-NH 
I >CO 
CO-NH 
Oxalyl-urea. 
Parabanic acid. 


Uric A.cid Group 
^2-CO.OH ^ CH^-CO-OH 
CHg-CO-NH, 


Succinamic acid. 


I + NH, ■ 

CHj-CO-OH 


COOH 


I ^CO-NH„ 

CO-NH 

Oxaluric acid. 


9OOH NH, 


+ >CO . 


CO-OH NH. 


pentachforide.^ ®™^nfcoXtTifLto of Phosphorus 

Of greater importance is malonyl-urea or barbituric arfd, 

^0-NH 

^2 ^0, 

CO-NH 

ItT’r -f “'‘rr “ 

•IfaJi. The Mrogen aW «f tt, f “““?»*» «« Mine 'rilh 

<« »aoH™. They ^ i, ^ hS, -1(0.”^^'^^ 

-ri„ 

“ datarminins He comtitaK.„ „f a. „a«.to of iu arie 

. .SSSiSSSrrl; 

NH-CO 

?<?H- 

NH-CO 

Again, the dihydroxy-derivative, mesoxalyl-urea, 

NH-CO 

" 90 90 + H^O, 

NH— CO NH— CO 

‘“4 «* 

.Hafead W baobUorfa »id 

]jrH-<po 
CO G=NOH. 

NH-CO 



barbituric Acid JO^erivatives ’ 3117 

• “P ’>y aliali into urea 

and isomtroso-malonic acid. j' » ^ inio urea 

Fu^g nitric acid converts barbituric acid into the nitro-derivative dilituric 

are gi^n^i Ml ‘^"^ames of the more important of these compounds 

“IlS urTa W hMm:ic acid or 

m onyl-urea by modifymg the methylene group. The ring represents the group 

TO-CO 

CO 

\ NH— rn 

which they all contain. 


JiHg. Malonyl-urea, barbituric acid. 

I ' /H 

1 y^OH’ Hydroxy-malonyl-urea, dialuric acid. 

I 'X/OK 

1 Jnoh 

I <p ^OH. Isonitroso-malonyl-urea, violuric acid. 
I 9 '^NOo * Nit^^o-malonyl-urea, dilituric acid. 

I • -^ino-barbituric acid, uramil. 


I 

®^y<^J^o^y-iiiaJonyl-urea, mesoxalyl-urea, alloxan. 


Uric Acid 

Uric acid was discovered in urinary caJcuU by Scheele in 1776, and simul- 
taneously by Bergmann. It occurs in various parts of the animal organism- 
muscles, blood, urine, &c.-especially in the carnivora; also in guano, up to 
25 per cent., and to a still greater extent— 90 per cent.— in the excrement of 
serpents. It forms small crystals, without smell or taste. It is insoluble in 
alcohol and ether, but dissolves in 10,000 parts of water at 18.6°, and in 1,800 
at 100°. • ’ 


» Violunc a<ad is rentable for the changes of colour which it undergoes. In the solid state it 
IS colourless : in sotoon, especially in the presence of small quantities of bases, it is blue (see 
Donnan, Schneider, J. 0 8., 1908. 966). Its esters are colourless, and its salts in the soUd site 
are^^lourless, yellow, red, and blue. The colourless salts and the esters are evidently of theetype 

The coloured salts must have three other structures, but it is at present quite 


-C=NOE 
what these may be. 
ib. 1000 (1909). 


Cf. Hantzsch, Ber. 42. 966 ; Hantzsch, Isherwood, ib. 986 ; Hantzscb, Issaias, 
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It is a feeble dibasic acid. Its alkaline salts are mostly very insoluble, and 
are highly hydrolysed in solution. The potassium salt requires 800 parts of 
water to dissolve it, and the sodium and aihmonium salts a still larger quantity. 
The lithium salt is more soluble, dissolving in 368 parts of cold water, and the 

salt of piperazine, NH yNH, still more so, requiring only fifty parts at 

, \CH2-Oh/ 

17°. Hence lithium, and more recently piperazine, have been used in medicine 
to remove deposits of uric acid in the body in gout and rheumatism ; though it 
is doubtful whether their use, or at any rate this explanation of it, does not rest 
on a physico-chemical error. 

^J" The first systematic investigation ^ of uric acid was that of Liebig and Wohler 
{1826“1838), who discovered an immense number of its reactions, and converted 
it into a series of other substances, many of which were already known to exist 
in nature. But their work threw little or no light on its constitution. Our 
knowledge of this is due in the first place to Baeyer, who began his researches 
on it in 1863.^ He showed that the whole class of substances included in the 
group could be regarded as derivatives of barbituric acid, which he proved to be ' 
malonyl-urea from its hydrolysis to ammonia, carbon dioxide, and malonic acid. 
He also prepared from it the hydroxy- (dialuric acid), the keto- (alloxan), the 
isonitroso- (violuric acid), and the nitro-derivative (dilituric acid). He proved 
the constitution of the last two by reducing them to uramil, which was shown 
to be amino-malonyl-urea by its giving the hydroxy-compound (dialuric acid) 
when treated with nitrous acid. This uramil combines with cyanic acid to give 
a body which Baeyer called pseudo-uric acid. The reaction must go in this way : — 

GO CH.NH2 + = CO (jJHNH.CONHa. 

NH— CO NH-CO 

Pseudo-uric acid differs in composition from uric acid only by containing the 
elements of one molecule of water more ; and Baeyer hoped to be able to convert 
it into uric acid by the action of dehydrating agents. But he could not biing 
about this change, though E. Pischer subsequently showed that it is possible. 

In 1875 Medicus ® published a most remarkable paper on the constitution of 
this group of compounds. He produced hardly any new facts ; but sometimes 
on the basis of facts already known, and sometimes, apparently, on no basis at 
all, he suggested formulae for nearly every known compound of the group — 
uric acid, xanthine, caffeine, theobromine, guanine, and hypoxanthine. The 
Angular point is that with the exception of the position of one of the methyl 
groups in theobromine, all the formulae which Medicus proposed are absolutely 
correct ; although .it was not until the most recent work of Pischer, in which^he 
revised and modified many of his own previous formulae, that they were 
recognized as being so. 

We are at present concerned only with uric acid. For this Medicus proposed 
the now accepted formula : — 

^ For a sunmiaiy of tke histoiy of this subject see Lacbman, Spirit of Organic Chemistry. 

8 Arm. 12V. 1, X99. 3 286. 
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]|rH- 

co 


r 


O-NHv 


1 ii /CO , 

NH— 0-NH^ 

on the following grounds : — 

(Strl’ck^) glycocoU, ammoma, and carbon dioxide 

:|TH— ^0 

2. On oxidation it gives aUoxan, CO ' (Jo, and urea (Liebig and WoUer). 

NH— CO 

3. On treatment with alkaline permanganate it gives allantoin, wMch breaks 
up mto glyoxylic acid, CHO-COOH, and urea. 

It IS obvious that these arguments are quite insufScient to establish his 
ormulaj and it is not easy to see how they led him to adopt it. 

In 1882 E. Fischer ' published a detailed examination of uric acid and its 
derivatives, in which the constitution of uric acid was finally determined, in 
-accordance with Medicus’s suggestion, but on much more satisfactory evidence. 

shown that uric acid must be formed from malonyl-urea by the 
^ ^dition of another molecule of urea and the loss of four atoms of hydrogen and 
of oxygen. The whole question was how this loss occurred. Baeyer had 
proposed a formula in which no second ring was formed ; Medicus had suggested 
the one which has just been given ,• while Fittig had put forward yet a third 
formula, also assuming the production of a second ring, and attractive on 
account of its symmetry ; — 


NH CO 

CO H-C.NH-C=N 
NH — GO 


NH— CO 
CO C-NH 

I I >00 

NH-dNH 

Medicus. 


NH— C^NH 
CO CO- 

/ I 

•NH 


NH— C 


Fittig. 


Before the publication of E. Fischer’s paper, Pittig’s view was the one 
pneraUy adopted. It is to be noticed that his formula is symmetrical about 
o h of the dotted lines, so that all the four NH groups are similarly related to 
the rest of the molecule. 

Fischer showed in the first place that there are fqjor imide (NH) groups in 
unc acid ; for a tetramethyl derivative can be prepared whiek on saponification 
^elds all Its nitrogen in the form of methylamine, and gives no ammonia. 
Hqnce all the four methyls are attached to the four nitrogen atoms. This makes 
Baeyer s formula impossible, as it only contains three NH groups, the other 

^drogen being attached to carbon ; but it does not decide between Medicus and 
Fittig. ^ 

Secondly, Fischer obtained two different monomethyl-uric acids. Hence 
the compound is not symmetrical, and Fittig’s formula must be rejected. More- 


^ Anil. 215 . 253 . 



320 


Uric Acid Group 

over, one of these monomethyl derivatives on oxidation gives alloxan and methyl- 
nrea, while the other gives methyl-alloxm and urea; showing that one of the 
NH groups is not contained in the alloxan or harhiturie acid ring. The isomerism 
and behaviour of the numerous other methyl derivatives prepared by Fischer are 
found to be in full accordance with Medicus’s formula ; but the two reactions 
which have been mentioned are the most important, and are in themselves quite 
a suJBScient proof. 

The three most important syntheses of uric acid are 

1. From acetoacetic ester (Behrend, 1888). 

2. Prom malonic acid, begun by Baeyer in 1863, and completed thirty-two 
years later (1895) by E. Fischer. 

3. Prom cyanacetic acid (W. Traube, 1900). 


1. Behrend's Synthesis 


Acetoacetic ester condenses in the enolic form with urea to give ^-uramino- 
crotonic ester ; this on saponification gives the corresponding acid, which loses 
water to form a cyclic ureide, methyl-uracil : — 


EtO CjJO NHa EtO (jJO 

(pO + CH CO CH ^ CO CH . 

NHg ’ HO-C-CHs NH C-CHs NH— C-CHj 

Acetoacetic /3-uramino-crotonic Methyl- 

ester. ester. uracil. 


Nitric acid nitrates methyl-uracil in the CH group, while the methyl is oxidized 
to carboxyl, the product being nitro-uracil carboxylic acid. When this is boiled'" 
with water it loses carbon dioxide and forms nitro-uracil : — 


(jJO l^S^GO 

CO C-NO^ CO C-NO^. 

NH— C-COOH NH-CH 

Nitro-uracil Nitro-uracil. 

carboxylic acid. 


Nitro-uracil, on treatment with tin and hydrochloric acid, is converted partly into 
amino-uracil and partly also into oxy-uracil; the former dissolves in the acid 
liquid, while the latter remains xmdissolved, and so can be filtered off. The oxy- 
uracil is oxidized by bromine water to dioxy-uracil (isodialuric acid), which 
condenses with urea in the presence of sulphuric acid to give uric acid : — 


.Is 


IjTH— (j!0 

CO ,0-0H 


NH— CH 
Oxy-xjraeil. 


IjrH— CO 

CO C-OH HoK 

I II + >0 

NH— &OH H,N 

Dioxy-uracil. 


NH— GO 
CO C-NH 

I II >CO. 

NH— C-NH 
Uric acid. 


# 

2. Baeyer and Fischer^ s Synthesis 

The first part of this synthesis has already been described. Baeyer showed 
that malonic acid condenses with urea in the presence of phosphorus oxychloride 
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to give malonyl-urea or barbituric acid : that this is converted by nitrous acid 
into the isonitroso-compound, violuric.acid : — 

ijiHa HO-CO ITH— ip— (j!0 

CO + <j30 CHa -*• CO C=NOH : 

NHa HOCO NH— CO NH— CO 

and that this on reduction gives amino-malonyl-urea or uramil, which condenses 
with cyanic acid to form pseudo-uric acid : — 

NH— CO NH— CO 

9® ^NHa + ^^NH 9^ I^NH-CO-NHa- 

NH— CO NH-CO 


Beyond this point Baeyer was unable to go. All that was wanted was 
that the pseudo-uric acid should lose one molecule of water to form uric acid ; 
but he could not make it do this. It was not until thirty-two years later that 
E. Fischer showed that the reaction can be brought about by treatment with 
fused oxalic acid, and even by boiling with mineral acids, uric acid being 
produced. This change is most simply expressed if we suppose the pseudo- 
uric acid to react in the enolic form : — 


CO CNHCONH^ 

I II 

NH— COH 

Pseudo-uric acid. 


]jTH— (j)0 
CO CNH . 

I II >00 

NH— C-HH 

Uric acid. 


3. TrauWs Synthem 


This work,^ which is subsequent to Fischer’s investigations, starts with 
cyanacetic acid. Traube finds that cyanacetic acid readily condenses with urea 
in presence of phosphorus oxychloride to give cyanacetyl-urea. This body 
when treated with dilute alkalies is converted into the isomeric cyclic pyri- 
midine derivative, which is imino-barbituric acid. This yields with nitrous 
acid an isoiitroso-derivative, which on reduction gives the corresponding 
amino-compound : — 

rf-co ]p-co mi-co - IjTH-CO 

, CO OHa -> CO CHj CO ^NOH -* CO (jjH-NH^. 

NHg ON NH-C=NH NH-C=NH NH— C=NH 


This last body, which may also be written in a tautomeric form as a di- 
amino-compound, when shaken with chlorocarbonie ester in alkaline solution, 
gives a urethane ; and the sodium salt of this urethane, when heated to^SO- 
190°, loses water and forms the sodium salt of uric acid : — 


‘ Ber. 33. l$n, 3085 ( 1900 ). 
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(j!0 YH-(j30 ]jTU— (JO 

<30 CJH NHj or CO (D NHa -> GO , (3 NH C0-0Et -» 


NH— C=NH NH— CNH 2 NH— CNH 2 


90 Anh . 

i„ II >00 

NH— C-NH 


The other derivatives must be dealt with more briefly, beginning with the 
mother substance of the whole group, which historically was the last to be 
prepared. Uric acid contains three carbonyls adjacent to imide groups. Each 
of these carbonyls is capable of passing over, in the presence of a suitable 
; reagent, into an enol (hydroxyl) group. Thus on treatment with phosphorus 
oxychloride these three hydroxyls are replaced by chlorine ; — 


NH— 00 

CO C-NH 

1 11 >00 

NH— C-NH 


N==C0H 
COH <!>-NH 


N- 


iK> 


COH 


N= 

CCl 

II 

N — 


=(3.C1 

<3-NH 

Jl^cc 


Now all the complicated uric acid derivatives, such as caffeine and vant.hiTift^ 
contain this carbon and nitrogen skeleton ; and as it is necessary to have* 
a rational nomenclature for them, Fischer proposed in 1884 to call the then 
hypothetical hydrogen compound, of which the last-mentioned body is the 
trichloro-substitution product, purine (from purum and uricum), and to name 
the other substances from it, the atoms being numbered thus : — 


,N= 


=CH 


aCH 5C— vNH . 

II II ' >CH 

N -O— nA 


The preparation of purine itself presented extraordinary difficulties, as all 
the usual reducing agents when applied to trichloro-purine either failed to 
reduce it or broke up the molecule altogether. It was not until 1898 that 
Fischer succeeded in obtaining it, which he did as follows.* 

Trichloro-purine, from uric acid and phosphorus oxychloride, was treated 
with hydriodic acid and phosphonium iodide at 0°. This replaces one chlorine 
by hydrogen and the other two by iodine. The resulting diiodo-purine can 
be shown to have the iodine in the positions 2 and 6. When it is reduced 
with zinc dust alone in boiling aqueous solution, the two iodine atoms are 
replaced by hydrogen, and purine is produced 


CCl (3-NH 

Trichloro- 


N== 

=(f.I 

G-I 

C-NH -* 

II 

N — 



^i=<JH 
(3H (3-NH 

II II ^OH 


N. 


Diiodo- 


C-3^ 

Purine. 


Purine is a colourless crystalline substance melting at 216° It volatilizes 
partly undecomposed. ■ It is remarkably soluble in water and alcohol, but 
only slightly in ether and chloroform. It combines with one equivalent of 


^ JSer, 3X. 2550, 
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acids to form salts such as C 5 H 41 T 4 -HN 03 . It also forms salts with bases, 
the alkaline salts being excessively soluble in water. It is fairly stable to 
oxidizing agents, not being attacked by chromic acid even on boiling, nor 
oxidized by potassium permanganate at once in the cold. 

The numerous naturally occurring derivatives of purine, whose constitu- 
tion has been established by E. Fischer, may be divided into three classes, 
according as they are derived from mono-, di-, or trihydroxy-purine. The last 
of these is of course uric acid itself, written on the trienolic formula: while 
the mono-hydroxy-compound is hypoxanthine, and the di-hydroxy- is xanthine, 
both of which substances occur in the animal organism : — 



N C-OH 

N C-OH 

OH C-NH 

COH 

COH C-HH 



11 11 >C.OH 

N C-N-^ 

or 

or 

or 

YH-CO 

ijrH— CO 

NH— CO 

CH (>NH 

CO C-NH 

CO C-NH 

11 ii >CH 

i 11 >CH 

NH-C-N^ 

1 11 >00 
NH— C-NH 

6-Oxy-purine. 

2, 6-Dioxy-purine. 

2, 6, 8-Trioxy-purine. 

Hypoxanthine. 

Xanthine. 

Uric acid. 


The compounds of this group may be prepared from uric acid.^ This is 
first converted into trichloro-purine. Of the thi*ee chlorine atoms which this 
.body contains, the most mobile is in position 6 ; while that at 2 can also be 
readily though less easily removed. The other chlorine atom (at 8) is more 
firmly attached. It is on these differences that the whole of these syntheses 
depend. 

If trichloro-purine is treated with aqueous ammonia, the chlorine at 6 is 
replaced by ISfHg, giving dichlor-adenine. If it is treated vpith aqueous 
potash, the same chlorine atom is replaced by hydroxyl, giving dichloro- 
hypoxanthine. These two bodies can have the remaining chlorine atoms re- 
placed by hydrogen, by treatment with hydriodic acid, being thereby converted 
respectively into adenine and h 5 Tpoxanthine. Further, alcoholic ammonia acts 
on dichloro-hypoxanthine to replace the next chlorine atom (at 2) by ISfllg, 
giving 2-amino-6-oxy-8-chloro-purine, which is reduced by hydriodic acid to 
guanine. The constitution of this body as a guanjdine derivative is shown 
by its splitting off guanidine on oxidation. # 

• Finally, if trichloro-purine is treated with sodium ethylate, the two chlorine 
atoms at 6 and 2 are replaced by ethoxy-groups, forming diethoxy-chloro- 
purine, and when this is reduced the chlorine is replaced by hydrogen at the 
same time that the ethoxy-groups are saponified, and 2,6-dioxy-purine or 
xanthine is formed. These relationships are shown in the following table ? — 

^ E. Fischer, Ber* 30 . 2220, 2226 (1897). A brief but clear account of the relationships and 
syntheses of these todies is given in Bichter’s Organische Chemie^ vol. i, pp. 609-14: (10th ed., 
1903). 
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N= 


=CC1 


ijr=(j).Nxx2 
CCl C!-NH 

II II >0-01 

N- C-W 

DicHor-adenine. 

\ 

N=0-NH2 
1 I 

CH C-NH 


N C-N= 

Adenine. 


]ivr==c-OEt 
EtO-C C-NH 

II 11 >C-C1 

N C-JT 

Diethoxy-chloro-purine. 

I 

N==(j)-0H 
COH C-NH 


.CCl C-NH 

; : >c-oi 

N C~N^ 

2,6,8-Trichloro-purine. 

I 

COH 



CCl C-NH 

: >C-C1 

N C-N=^ 

Dichloro-Iiypoxanthine, 

I 

ljT=(^.0H 
C-NH 

. :: >c-ci 

N C-N"^ 

2-Amino-6-oxy-8-chloro - 
purine. 

i 

N==COH 
(i-NH 


N C-N 

Guanine. 


>CH 


N==C.0H 
CH C-NH 

Hypoxanthine. 


Xanthine. 

These four bodies all occur naturally in various animal substances, and 
adenine and xanthine also in tea. Their constitution is established by various 
i*eactions. Thus nitrous acid converts adenine into hypoxanthine, and guanine 
into xanthine : while xanthine itself is converted by the introduction of three 
methyl groups into caffeine, wMch belongs to the next class of uric acid 
derivatives. ^ 

This class con^sts of the methyl derivatives of xanthine : heteroxanthine 
(7-methyl-xanthine), theobromine (S, 7-dimethyl-xanthine), paraxanthine {1,7-di- 
methyl-xanthine) theophylline (1,3-dimethyl-xanthine), and caffeine (1,3,7- 
trimethyl-xanthine). 

They all occur in nature. Caffeine, the most important of them, is found 
to extent of 0*5~2 per cent, in coffee, and 2-i per cent, in tea, whence 
it has also been called theine. The formulae of these bodies are established 
by their syntheses. 3,7-Dimethyl-uric acid is converted by phosphorus oxy- 
chloride into a mono-chloro-derivative, which is chloro-theobromine, and gives 
theobromine on reduction. Theobromine when treated with phosphorus oxy- 
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chloride and pentachloride, has one of its methyls removed, and the two 
hydroxyls replaced by chlorine. When the body so formed is treated with 
ammonia and the product oxidized with chlorine, it gives guanidine. This 
shows that the remaining methyl group cannot be at 8 (or it would give 
methyl-guanidine), and so must be at 7. When this body is treated with 
fuming hydrochloric acid the chlorine atoms are removed, with the production 
of 7-methyl-xanthine, which is heteroxanthine. 

On the other hand, if this 7-methyl-2,6-dichloro-purine is treated with 
potash, only the chlorine at 6 (the most mobile) is saponified. The product * 
on methylation takes up a methyl group at 1, and the body so formed is 
hydrolysed by hydrochloric acid to give paraxanthine. 


NH--CO 




CO 




II >00 

-C-NH 


_3,7-Dimetliyl-urie acid. 


NH— CO 

I I /CHs 

CO C-N 

I II >C-C 1 

CHa-N G-W 

Chloro-theobromine. 


NH— CO 


CO C-N 


/CH3 




CHg-N C-N^ 

Theobromine. 


=C-C 1 


I /CH3 

-> CCl C-N 

II II >CH 

N C-N 

7-Methyl-2,6-diehloro- 

purine. 


NH—CO 

I I /CH3 

CO C-N 

I II >0H 

NH— C-N 
Heteroxanthine. 


NH— CO 

I I /OH3 

CCl C-N 

II II >CH 

N C-N^ 

7-MethyI-6-oxy-2- 

chloro-purine. 


CH3.N- 

I 

CCl 

I 

N— 


-CO 




CH, 


C-N 

l,7-Dimethyl-6-oxy-2- 

chloro-purine. 


CH3-N- 

CO 


-CO 


C-N 


/CH3 




iH 


NH— C- 
Paraxanthine. 


Caffeine can be obtained by the methylation of xanthine, and therefore is 
trimethyl-xanthine. Its formula is proved by its synthesis from dimethyl- 
alloxan, which can only have one constitution. This body combines with 
methylamine in presence of sulphur dioxide to give trimethyl-uramil : — 


CHs-N — CO CHs-N — 

|jO I^O + H3N-CH3 (fO ^<Jh.CH3 

CHs-N — CO CH 3 -N — CO 


This, like uramil itself, condenses with cyanic acid, forming trimethyl- 
pseudo-urie acid : and this loses water, when treated with mineral acids, to give 
trimethyl-uric acid : — 


OH 3 .N- 


-CO 


90 


CO-NH, 


CH»N — C-OH 


OH 3 N — CO 

I I /CH3 

CO C-N 

I II >co 

CH 3 N— C-NH 


1115 


Y 
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This is a substance already knovra as hydroxy-caffeine, and it yields caffeine on 
reduction. This reduction obviously consists in the replacement of the hydroxyl 
of the enol form by hydrogen, and so can only take place in one way 


CHs-N — CO 

I I /OH 3 

CO C-N 

I II >00 

CH.-N— C-NH 


CHa-N— CO 

/CH 3 

CO C-N 

I II >C-OH 
CH,-N — c-ir 


CHa-N— CO 

I 1 /CH3 

CO C~N 


Hydroxy-caffeine. 


CHs-N — 0 -: 
Caffeine, 


Any of the other syntheses of uric acid may he modified so as to prodtice 
the other members of the group. Traube, for example, as has already been 
mentioned, converted cyanaeetyl urea into a pyrimidine, which, on treatment 
with nitrous acid and subsequent reduction, gave a diamino-derivative. 


NH 2 '^IL—(^0 

GO + CH 2 -» CO CH 2 CO (j!0 C-NH^- 

NHa CN NH 2 CN NH— C=NH NH— C-NHa 


The product condenses with formic acid to give a formyl derivative, whose 
sodium salt loses water to form the sodium salt of xanthine : — 


IjTH— ^0 NH— (jlO 

CO C-NH-CHO = H.O + CO C-NH . 

I II II >CH 

NH— C-NH, NB-O-tr 

If we start with symmetrical dimethyl urea instead of urea, and take it 
through the same series of reactions, we arrive at a dimethyl-formyl compound, 
which can then be further treated in two ways. If it is heated, it readily 
loses water to give 1,8-dimethyl-xanthine, which is theophylline. On the 
other hand, if it is treated with sodium ethylate and methyl iodide, the 
acidic imide hydrogen next to the formyl group is replaced by methyl, and 
the product condenses to caffeine: — 


CHa-IjT—^O 
CO CHa 

CH 3 -NH CN 
Cyanacetyhdi- 
methyl urea. 


CHg-iir — (jjo 

CO GNH-CHO 

CHs-N — C-NHg 

i 

-CO 


CHg-N- 


f f''<SHb 

CHs-N — C-NH, 


CH^-l^— (^0 
CO C-NH 

I II >CH 

CHg-N — C-lT 
Theophylline. 


CH,-N CO 


CO C-N 


/CH 3 


CHg-N- 


C-N 
Caffeine. 




So also guanidine gives cyanacetyl-guanidine, which can be transformed in an 
analogous way into guanine : — 
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NH- 

HN=C 


-CO 


NH- 

HN=CI 


-CO 

C-NH, 


HN: 


IjrH— CO 

=c 


■2 CN 


NH, ... 
Cyanacetyl- 
guanidine. 


NH-C-m 


C-NH , 

Guanine. 


Further details as to these syntheses, and further evidence as to the 
structure of Producte may be found in Fischer’s original papers. But it 
IS to be observed that while Fischer’s proof > of the formula of uric aeid.itself 
has never been disputed, m his first and very important paper on caffeine 

the wew that all the xanthine derivatives, such as caffeine and guanine, eontSn 
a different nucleus from uric acid; and this false theory -was not corrected 
until his last series of papers in Ber. 30, 31 , 32 ( 1897 - 8 - 9 ), of which the most 

contains a summary of the whole group, 
and a history of the steps by which the respective formulae were estabhshed 


^ Ber. IV. 1776 (1884). 


“ Ami. 215. 253 (1882). 




DIVISION IV 


EING COMPOUNDS 

^ Of the large number of known compounds containing nitrogen in a closed 
rmg, only a few of the most impoi-tant can be discussed. 

j. method of classification is to divide them into groups according 

to the total number of atoms in the ring, subdividing each group according to 
the number of nitrogen atoms which the ring contains. 

The first group thus consists of the 3-rings; and of this there ai-e three 
subdivisions : — 




CHAPTEE XVI 

8-EINGS AND 4 -EINGS 


I 3 -EINGS. C2N 

- Oi' this subgroup very few representatives are known, and only one is of 

CH 

any importance. This is ethylene imine, I When bromethylamine, 

Cx±2 

GE[2Br-CH2‘NH2 , is treated with potash it loses hydrobromic acid, forming 
a base, C2H5N. This may have either of two formulae, CH2=CH-NH2, vinyl- 


amine, or 


CH, 
I ■ 
CH 


')>NH, ethylene imine, according as the hydrogen of the hydro- 
bromic acid comes from the CH2 or the NHj. The compound behaves in many 
respects like an unsaturated body. It readily adds on hydrochloric acid to 
form chlorethylamine, CHgCl-CHa-NHa, and sulphurous acid to give taurine. 


Hence it was at first supposed to be vinylamine. 


CHa-NHa 
CHg-SOaH' 

The resemblance of its mode of formation, and to a certain extent of its 
... , , CH,-NH 

properties, to those of trimethylene imine, 1 " I , led Marekwald ' to suspect 

01i2~0Jd.2 

that it might have the ring formula. The ordinary reagents for the gi’oup, 
such as nitrous acid, cannot be applied to this substance on account of its 
instability, Marekwald therefore used the Hinsberg reaction with benzene 
sulphonic chloride, which has already been described (p. 19 ), and showed that 
the body gave a sulphonamide insoluble in alkali. It follows that it must be 
a secondaiy amine, i. e. ethylene imine. 

This substance is a colourless liquid soluble in water, which attacks the skin 
and smells strongly of ammonia. Its unsaturated character is clearly due to the 
great strain in the ring. It is of interest as the first member of the group of 
polymethylene imines, including trimethylene imine, pyrrolidine (tetrahydro- 
pyrrol), and piperidine. 


II. 0^2 GEOUF. DEEIVATIVES OF DIAZQJIETHAlSfE 

The bodies contained in this group are the so-called fatty diazo-compounds. 
The name is too well established to be given up, but it is unfortunate and mis- 
leading, as it suggests a resemblance to the aromatic diazo-compounds, whereas 
the fatty diazo-compounds, though allied to them, are, as ring compounds, very 
different both in structure and in behaviour. * • 

Tho first member of the group to be discovered was diazoacetic ester, 


^ Howard. Marekwald, JSer, 32 . 2036 (1899) 



332 ' Diazoniethane Derivatives 

r 

obtained by Curtins in 1883 by the action of nitrous acid on giycoeoll ester 

bydrocMoride. The mother substance, diazomethane, CHa ii , was not discovered 

■\IS[ 

by V. Pechmann till 1894.^ It is formed by the action of alkalies on various 
nitroso-derivatives of methylamine, containing the group CHs-N-NO, the one 
most commonly employed being nitrosomethyl-urethane. This reaction, as 
has already been explained, must proceed in several stages. The first is no 
doubt the formation of an unstable nitroso primary amine : this then changes 
into the isomeric open-chain diazo-compound, which can actually be isolated, 
and this again loses water to form the diazomethane : — 

jj/CHs 

CO -> CH3-N=N-0H CHsll + H„0. 

\OEt 

Pechmann’s method ^ was to dissolve nitroso-methyl-urethane in ether and 
add a 25 per cent, solution of potash in methyl alcohol. The mixture is warmed 
on a water bath, when a yellow liquid distils over, which is a solution of the 
gaseous diazomethane in ether. The 5 deld is about 50 per cent. 

The true open-chain diazo-compound, which is an intermediate product in 
this reaction, may be described here, though it is strictly analogous to 
the aromatic diazo-compounds. It was obtained by Hantzsch® by treating 
the urethane with excessively concentrated aqueous potash, or with ethereal 
potassium ethylate. The urethane, without any ether, is dropped into the 
very concentrated potash at (f. In a few moments the salt, CH3*]N'=]S[0K,H20, 
crystallizes out. It is extraordinarily sensitive to water, a few drops of which 
change it explosively into diazomethane and potash. This is because, as the 
salt of a very weak acid (even weaker than diazobenzene hydrate), it is very 
readily hydrolysed ; and the excessively unstable hydrate instantly loses water 
to form diazomethane. The same fact explains why this body is not formed 
in V. Pechmann’s method of preparation. The methyl alcohol, which must 
be present in considerable excess, owing to its comparatively slight power of 
dissolving potash, causes suiBficient hydrolysis to bring about this change. 

Diazomethane can also be made,^ though only in very small quantity, by 
the reduction of methyl nitramine, CH 3 *NH*N 02 ; and in rather better yield 
by the action of hydroxy lamine on dichloro -methylamine ® : — 

CHs-NGlg + H^NOH = + 2HC1 = CH^II -f H^O + 2HC1. 

The first stage of feis reaction is analogous to the formation of diazobenzene 
hydrate from hydroxylamine and nitrosobenzene : — 

4* H 2 NOH = ^&.N=]Sr.OH + H 2 O. 

Diazomethane is an intensely yellow gas. It can be condensed ® in a freezing 
mixture of snow and calcium chloride to a yellow liquid boiling beloi^ 0^. It 

^ Ben m. 1888 . » Ben 28. 855 ( 1895 ). ® Ben 35. 897 ( 1 ^ 02 ). 

* THele, Meyer, Ber, 29. 961 ( 1896 ). ® Bamberger, Eenauld, Ben 28. 1682 ( 1895 ). 

® V, Pechmann, Ber, 28. 855 ( 1895 ). 
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lias a violently poisonous action on most people (though some are little 
affected by it), attacking the eyes and lungs. Chemically it is extremely active. 
There is obviously a great strain in the ring, which is broken in nearly all 
its reactions. The normal type of reaction consists in the elimination of the 
nitrogen and the introduction in its place of two monad groups. 

In particular, it reacts with all bodies containing hydroxyl, converting this 
group into methoxyl : thus with water it gives methyl alcohol : — 


H 

OH,il + I 
OH 


CH-i 

I 

OH 


4- N.,. 


■ In the same way aeids are converted into their methyl esters, and phenols 

into their methyl ethers (anisols). 

The reactions of some isomeric oximes with diazomethane are peculiar and 
difficult to explain. We should expect both forms to be converted, and as far as 
we can see with equal ease, into the two stereoisomeric 0-ethers : — 

E.cH=:NOH + CH2N2 = 

'Forster and Dunn ^ have examined the behaviour of the oximes of benzaldehyde, 
of its three nitro-derivatives, and of its j9-triazo-derivative, and find it to be quite 
different from this. The syn-compounds are not acted on at all, except that of 
w^-nitro-benzaldehyde, which gives a yield of the 0-ether of the anti-compound 
much larger than that obtained from the anti-compound itself. The anti-oximes 
are converted to a gi'eater or less extent into their 0-ethers. Camphoroxime and 
benzophenone oxime do not react. 

This reaction is of some practical importance for methylation where other 
methods fail. It has also been used ^ for determining the structure of tautomeric 
bodies. It has the advantage that it proceeds in the absence of any third body 
(except ether), ’generally quantitatively, and at the ordinary temperature ,* and 
the only products are the ester or ether and nitrogen. It' has, however, been 
less used for methylation since the discovery of the methyl sulphate method ; 
and recent work has shown that the results obtained in the case of tautomeric 
substances must be received with caution. 

An analogous reaction occurs with aldehydes, which are converted into 
the corresponding methyl-ketones,^ e.g. : — 

CCl3-C<J + CH2N2 = CCL)-C<§®^3 + 

If an acetyl derivative of a phenol is treated with diazomethane, the acetyl 
group is expelled and the methyl takes its place : for example : — 
C8H3(0Et)3-0-C0-CH3 C6H3(OEt)2-OClf3. 

(This reaction does not occur in solvents quite free from water, nor if there 
ar^ other groups present in the ortho position to exert stereo-hindrance.) On 
the other hand, if the ^acetyl group is attached to nitrogen (as in acetanilide 


^ j. a s. 190®. m. 

“ Cf. H. Meyer, Mon: 26. ISll (C, 06. i. 557) (pyridones) ; Peratoner, A 2 aarello, C. 06. i. 1439 
(pyridones) ; Forster, Holmes, J, €. S. 1908. 242 (isonitroso-camphor) ; Acree, Johnson, Brunei, 
Shadinger, Hirdlinger, Ber. 41. 3199 (1908) (an elaborate investigation of certain urazoles). 

3 ScMotterbeck. Ber, 40. 479 (1907) ;,42. 2559 (1909). 
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deriYatives), it is not expelled under these conditions. Hence the reaction can 
be used to determine, in the case of acetyl derivatives of aminophenols, 
whether the acetyl group is attached to oxygen or nitrogen.^ 

With primary and secondary amines, diazomethane forms the methyl 
derivatives: e.g. with toluidine, methyl-toluidine. 

When it is treated with an ethereal solution of iodine the colour disappears 
at once, with the production of methylene iodide : — 

CH2II + I, = CH2I2 + 

This reaction is useful for determining the strength of the solution' of 
diazomethane obtained in the preparation. It is titrated with an ethereal 
solution of iodine of known strength as long as the colour disappears.^ 


There is also a class of reactions in which the nitrogen is not eliminated. 
Thus with unsaturated bodies it is capable in many cases of forming addition- 
compounds. The simplest instance is that if it is left to stand for some time in 
contact with acetylene, pyrazole is formed, to the extent of 50 per cent, of the 
theory^ : — 


CH 

iii 

CH 


I 


CH-]S"H. 


The analogous reaction takes place, but much less easily, with ethylene, 
giving pyrazoline or dihydropyrazole.^ 

In the same way, but even more readily, diazomethane will combine with 
unsaturated acids or their esters, having a double or triple bond next to th^^ 
carboxyl: for example, with fumaric ester it forms the ester of pyrazoline 
dicarboxylic acid: — 


COgE-CH 


COoE-CH 


+ I 


OH, 


CO,E.CH-NH. 


COaE-CH- 


CH 




The acids so obtained have the remarkable property of losing their nitrogen 
when heated alone, giving trimethylene dicarboxylic acids : — 


COoH-CH — K 


CO,H-CHs 

- I-> 


=CH, + ]sr. 


CO^H-CH-OH/ CO^H-OH^ 

A similar intermediate formation of a nitrogenous ring may probably explain 
the singular reaction of diazomethane with aldehydes, which have the aldehydic 
hydrogen replaced by methyl, with the production of ketones “ 


9&-CH=0 

- 




H,C— H 


^•CO-CHg 

+ ■ 


Of the homologues of diazomethane, Peehmann has prepared diazoethane, 


^ jaertzig, Ticbatschek, Ber. 39 . 268, 1557 (1906). 

2 The strength may also be determined by shaking with decinormal hydrochloric acid, and then, 
after all the diazomethane has been converted into methyl chloride, titrating the excess of acid. 
H. Meyer, Mon. 26 . 1296 (C. 06 . i. 555). 

3 V. Peehmann, JBer. 31. 2950 (1898), ^ Azzarello, (7. 05. ii. 1236. 

5 Schlotterheck, Ber. 40 . 479, 3000 (1907) ; 42 . 2565 (1909). 
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C2H4N2, wMeh closely resembles it. He failed to obtain pbenyl-diazometbane 
by acting on nitroso-benzyl-nretbane with alcoholic potash, but Hantzsch/ by 
employing saturated aqueous potash, obtained first the true diazo-hydrate, which, 
on treatment with water, gave phenyl-diazomethane : — 

\]SrO ^&-CH2-N=:N0K ^-CH II . 

\OEt 

It is a dark red oil, only slightly volatile ; it does not boil without great 
decomposition, evolving nitrogen and leaving stilbene, 

Biazoacetic este)\ the first member of the group to be discovered, was 
obtained by Curtius, in 1883 , by the action of potassium nitrite on glycocoll 
ester hydrochloride : — 

+ o=NOH = + h,0 = + 2H,0. 

CO2R CO2R CO2R 

It is to be noticed that free glycocoll does not give any diazo-compound with 
nitrous acid, but goes directly to glycoliic acid, wdth elimination of nitrogen. 
The whole question of the conditions which determine the reaction of an NH2 
group with nitrous acid is very obscure. The main facts, as far as they are known , 
are these. Apart from the simple formation of a nitrite, which occurs in some 
cases, there are three possible reactions. First, the NH2 group may be replaced 
by hydroxyl, which is the most frequent case, occurring with all ordinary alkyl- 
amines and with all amides. Secondly, a true open-chain diazo* compound may 
be formed, as in the aromatic amines. Thirdly, a ring compound may be pro- 
duced, a fatty 4 iazo-compound. This last reaction obviously requires that there 
should be a hydrogen atom on the same carbon atom as the NH2 ; if this is 
absent, as in the aromatic amines, only the first or the second reaction can take 
place. In fact there are two questions concerned, first, whether an alcohol or 
an open-chain diazo-compound is the primary product, and secondly, whether 
the latter, if produced, goes over at once into the ring compound. 

As regards the first question, the normal reaction is the production of 
a hydroxyl compound. The formation of a diazo-compound of any sort seems 
to depend on the presence of acidic groups in the neighbourhood of the 
though it is by no means all acidic groups which will produce this effect, and in 
particular it is to be noticed that it does not occur with amides, which are 
always converted into the acids. 

But at any rate those amines which give diazo-compounds are always of 
a more or less negative character. They comprise in the first place the 
aromatic amines, in which the NH2 is attached to the negative benzene nucleus. 
The only fatty amines which give this reaction are those which contain a car- 
bonyl group, and it would seem that this must be in the a-position to the HH2 ? 
i. e. that the compound must contain the grouping CO-C-NHg. Thus among 
the amino-acids, Curtius ^ finds that the free acids never form diazo-compounds, 

1 Ber. 35. 897 (190*2). 

2 Curtius, Mtlller, Ber. 37. 3^61 (1904), Of. Angeli, Ber. 26. 1715 (1893). 
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and of the esters, only those which have the HHg in the cc-position to the 
oarhoxethyL For example, a-/3-diammo-propionic ester gives a-diazo-/3-oxy- 
propionic ester. He has recently shown that the esters of the polypeptides, 
which have the NHa in the same relative position to the carhonyl, can likewise 
be converted into diazo-compounds : — 

N 

NHa-CHa-CO-NH-CHg-COgEt -» |^>CH-C0-NH-CH2-C02Et 

Again, the a-amino-ketones, such as amino-acetophenone, ^^CO-CHg-NHg, will 
give diazo-compounds (Angeli), these also containing the grouping CO-C-NHg. 
The same rule holds with certain uric acid derivatives such as amino-methyl- 
uracil, 

CO C-NHo, 

HH-G-CHs 

though this body can only give an open-chain compound, as there is no 
hydrogen on the carbon carrying the NH2. On the other hand, the presence of 
hydroxyl on the carbonyl carbon prevents the formation of diazo-derivatives, as 
is shown by the behaviour of the free amino-acids. Further, it is found that 
while the presence of a hydrogen atom on the same carbon as the NH2 is 
necessary to the production of a ring diazo-derivative, the stability of this body 
is greatly increased if there is a second hydrogen atom, i. e. if we start with 
a body -GH2-NH2 and form "a diazo-compound ~CH:N2. It is possible that this 
may be due to the body being then able to assume the tautomeric structure 
TH 

, although, as we shall see later, the supposed evidence for the existence^ 

of compounds of this type has been shown to be incorrect. 

Diazoacetie ester, H2-GH-C02Et, is a yellow liquid of peculiar smell, boiling 
at 143®. It does not explode when struck, but does so violently when brought 
into contact with sulphuric acid. It begins to decompose near its boiling-point 
into nitrogen and fumaric ester, as phenyl-diazomethane does into nitrogen and 
stilbene : — 


-4 


cOoR-cnf 
:N 


2K + 


COoE-CH 


COaE-CH 

^ II 

COoE-CH 




Its reactions closely rdSemble those of diazomethane ; thus when boiled with 
water or dilute aei<5s it liberates nitrogen quantitatively, giving the ester of an 
oxy-acid : — 

+ OH = ®|^OH + 

^ CO2E 0O2E 

This reaction has been shown by Bredig and Fraenkel ^ to afford a valuable 

* Bredig, Rraenkel, Z. f. MeJctroeiem. XI. 525 (1906); Ber. 39. 1756 (1906); BVaenkel, 
B. BA. Oh. 60 . 202 (1907); Bredig, Kpley, Ber. 40 . 4015 (1907); Mnmtn, Z. PA. Oh. 62 . 689 
(1908) ; Holmberg, Ber. 41. 1341 (1908). 
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means of determining the concentration of hydrogen ion, especially at high 
dilutions. The rate of change was measured by observing the volume of 
nitrogen evolved, the solution being shaken in a flask connected with a 
measuring vessel. ^ The reaction is monomolecular, that is, it is proportional to 
the amount of diazoacetic ester present. It is hastened by the presence of acids, 
the monomolecular constant being proportional to the concentration of hydrogen 
ion {with a limit of error of about 3 per cent.) down to N/5,000 concentration 
of this ion. "W^ith weak acids the addition of salts of the acid greatly diminishes 
the velocity, as we should expect. The addition of alcohol also greatly 
diminishes it, no doubt by depressing the ionization. On the other hand, when 
thfe alcohol is nearly absolute, this effect is reversed, and the addition of traces 
of water lowers the rate of reaction. Thus with picric acid the addition of 
048 per cent, of water to absolute alcohol lowers the velocity constant by 
22 per cent. ; the reaction still continuing to be monomolecular. This anti- 
catalytic action of water is unexplained but Goldschmidt and Sunde- observed 
a similar effect on the rate of esterification. 

. If hydrochloric or sulphuric acid is used to promote the decomposition of the 
diazoacetic ester, the change gets rapidly slower and finally stops long before the 
ester has all disappeared. If more acid is added more change takes place, but 
this again soon comes to an end. This is due to the fact that under these 
circumstances another reaction takes place, with the production of chloracetic 

ester:- N.-CHCO^Et + HCl = Cl-CH,-C02Et + N,, 

and this removes the catalyst. By determining the amount of chloracetic 
ester produced, it is possible to calculate the velocities of the two reactions ; 
and it has been shown that the formation of the haloid ester is promoted by 
the presence o£ a neutral salt of the acid (e. g. sodium chloride), and that its 
rate of production is proportional to the concentration of the diazo-ester, to 
that of the hydrogen ion, and to a function of the concentration of the chlorine 
ion which could not be exactly determined, but which approximates to the 
cube root. 

The same reaction occurs with nitric, hydrobromic, and hydriodic acids. 
As regards the three haloid acids, it is found that the proportion of haloid 
ester produced is greatest ceteris paribus with the iodide and least with the 
chloride, this being the reverse order to that of their tendency to ionization. 

When diazoacetic ester is treated with a halogen, it gives the di-halogen- 
acetic acid: — 


With aldehydes ketonic esters are formed: e.g. with benzaldehyde, 
benzoyl-acetic ester: — 

HC<^f . ? 

+ H-CO-^ = H-C— 00-^. • 

CO2R 

* See, however, Lapworth, /. C. S. 1008 . 2187 ; Lapworth, Partington, ib. 1910 . 19. 

“ Ber. 39. 711 (1906). 


Hc<: 


■N 


, N + I2 

CO,R 


HCI, 


CO^ 


+ N,. 
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With bodies containing double or triple links it combines in the same way 
as diazomethane. Thus it reacts with phenyl-acetylene at 100° to give phenyl 
pyrazole-earboxylic ester,' 


CO^Et 

^C-NH 


0 


and with unsaturated esters, such as acrylic, cinnamic, and fumarie, it forms 
various pyrazoline carboxylic esters : e. g. with fumarie ester : — 


COgE-CH 

*1 -f 

CO,K-CH I " 
CO2R 


COoE-CH— NH 

^ i 

COgE-CH— C 
^ I 

CO„E 


This last body is also produced by the spontaneous decomposition of diazo- 
acetic ester, if it is allowed to stand for several years exposed to the light,, 
or if it is warmed for a few days ; or more rapidly (explosively at 80°) on 
warming with copper powder.^ It is obvious that a part of the ester loses 
nitrogen to form fumarie ester, and this combines with the rest. 

If this product is heated, it loses nitrogen in the normal manner to give 
trimethylene tricarboxylic ester, 

•CO^E. 

An attempt has been made® to use this reaction of diazoacetic ester with"^ 
unsaturated bodies to test Thiele’s theory of double and conpgate links, by 
treating it with phenyl-butadiene, ^-CH^OH-CH^CHg. If addition occurred in 
the 1,4 positions, as Thiele supposes, the product after the elimination of 
nitrogen would be a pentamethylene derivative with the formula 

H-C^Et 

whereas it was found to be a trimethylene compound, 

^.CH=CH-C^CH2 

H^O^Et* 

This shows that addition takes place in the 8,4 positions ; but as regards its 
bearing on Thiele’^ general theory it is to be observed that the intermediate 
nitrogen-ring compound, in the reaction which actually occurs, contains a 5-ring, 
whereas 1,4 addition would involve the improbable formation of a 7-ring. 

On treatment with ammonia, diazoacetic ester gives under ordinary condi-^ 
tions its amide: but this will be dealt with more fully in discussing the 
complicated question of its behaviour with alkalies. 


COnRCH. 

^ I >CH 
COoR-Cff 


Buchner, Bm. 35, 35 (1902). « Silberrad, Boy, /. C. 8. 1906. 179. 

^ V. der Heide, Ber, 37. 2101 (1904). 
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Q reduction it first yields hydrazi-acetie acid, ^pirH> which, when 

CO-OH 

id with acids,’ gives hydrazine and glyosylic acid, CHO-CO-OH ; further 

tion converts it into ammonia and glycolKc acid. 


ne of the most remarhaHe reactions of diazoacetic acid is its behaviour with’ 
>ne. This was first discovered by Curtins and Buchner in 1885, and the 
Lct has since been investigated by Buchner and his pupils.’^ If diazoacetic 
is heated with a very large excess of benzene, the whole of the nitrogen is 
ed, and a body is produced which is isomeric with phenyl-acetic ester, 
!2*C02Et. On saponification the corresponding acid is obtained, which is 
n as pseudo-phenyl-acetic acid. When the amide of this singular body is 
i with soda it is converted into a heptamethylene derivative, cyclohepta- 
) carboxylic acid : — 


CO,H 

CH 2 CH 
/ " \ • 
CH CH 

% / 

CH— CH 


a careful treatment with bromine at 0°, pseudo-phenyl-acetic acid yields 
urated tetrabromide, showing that it contains only two double bonds: 
1 from its composition it must have two carbon rings. More energetic 
nent converts the tetrabromide into an unsaturated cycloheptene acid, 
1 , in order to become saturated, requires to take up two more atoms of 
ine or on<i molecule of hydrobromic acid. It follows from this that pseudo- 
jrl-acetic acid must contain a 7-ring, with a bridge link easily broken. On 
ther hand, it easily passes into a benzene derivative. Its amide is con- 
i by concentrated sulphuric acid into phenyl-acetamide, ^-CHg-CO^NHg, 
)y oxidation with acid permanganate into benzoic acid. Hence it must 
in a 6-ring as well as a 7-ring. This fixes the position of the bridge link, 
ows that the COgEt-CH residue, which is added on to the benzene by the 
acetic ester, must attach itself in the ortho position * — 


COgEt 

H 


CH 

, /N HC'^\h 

^ HCs^CH 

GB. 


H. 


CH 


C9 


s Buchner has shown, the decompositions of this body afford a very corn- 
proof of its structure. It can theoretically break up, as the formula 
ites, in three ways, to give three different forms of ring : a 7-ring (hepta- 
jrlene), a benzene ring, or a trimethylene ring. All these three transforma- 
actually occur. Two of them we have seen already: soda converts the 
into a 7-ring compound, the isomeric cycloheptatriene carboxylic acid ; and 


^er. 29 . 106 ; 30 . 632 , 1949 ; 31 . 399 , 402 , 2004 , 2241 , 2247 ; 32 . 705 ; 33 . 684 , 3453 ; 
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sulphuric acid breaks the trimethylene ring to give a benzene derivative, also 
isomeric, namely, ordinary phenyl-acetic acid. Finally, oxidation with acid 
permanganate breaks the 6-ring, and gives tiimethylene tricarboxylic acid : — 

CH . 

^ CO.Hv^/CH-COsH 




CH 


TMs last reaction enables us to fix with fair certainty the position of the two 
double bonds in pseudo-phenyl-acetic acid. They always form the point of 
attack when an unsaturated body is oxidized ; and the fact that in this reaction 
two carboxyls — that is to say, two carbon atoms — remain attached to the tri- 
methylene ring, shows fairly conclusively that these two carbon atoms must be 
attached only by single bonds in the original acid. That is to say, the formula 
of pseudo-phenyl-acetic acid is what it is assumed to be in the above equation. 

In a similar manner diazoacetic ester combines with toluene^ and with 
meta-xylene,^ giving compounds whose formulae have been shown to be 
CH CH 




\ 


CH 

CH 


CH 


and 


CO2H 




^•CHa 

CH 


CH C-CHo 

The formation of these substances is of interest from the point of view of the 
benzene theory. The reaction is really precisely similar to that which occurs 
between diazoacetic ester and the esters of unsaturated acids. Thus, as we have 
seen, it reacts with fumaric ester to give an addition-product — pyrazoline tricar-*" 
boxylic ester — and this on heating loses nitrogen to forip, trimethylene 
tricarboxylic ester; — 


COgE' 

H' 


CH-COaE 


COgRxri/ 


N=N-CHCO,R 


(Isoform). 


[•CO,R 




C0< 


CH-CO^R 

h/^\ch.co,r‘ 


iR\p/ 


In exactly the same way we can write the reaction with benzene, using 
Kekul6’s formula: — 


CO2R 




CH 

HC'^^GH 

CH 


C02R^(,/N=N-CH 


CH 

bn 


CH 


= N, + 


C0,R 


H 


;>c<i 

^ ^CH 



^ Biicliner, Ber. 36. 8509 (1903). 

Buclmer, Ilfelbrtlck, Ann, 35^ i. (1908). This paper affords a remarkably ingenious and 
complete example of the way in which the structure of such- compounds can be established. 



> 

Diazoacetic Ester: Polymenzations 341 

* m 

That is, the benzene (and similarly toluene and xylene) behaves as though it 
had three ordinaiy double links. The reaction occurs at a higher temperature 
than with the iinsaturated esters, and the (hypothetical) intermediate pyrazoline 
derivative must be ^supposed to be unstable at this temperature and to break up 
as fast as it is formed. 

A still closer analogy is the condensation of diazoacetic ester mtii A^4etra- 
hydro-benzoic ester, which undoubtedly contains an ordinary double link, the 
product being the carboxylic ester of the saturated tetrahydro-pseudo-phenyl- 
acetic ester : — 


COgEx, 




CO,E' 


CH. 


' 2 -^\ 




C 

II 

OH 


CHo 


C 05 ,E\ . 

Kj + 1 

H/ Xh oh, 


CH. 


CH., 


OH., 


Of course this reaction is no argument against Thiele’s benzene theory, which in 
fact does ascribe three double links to benzene, though it goes further and 
explains the peculiarities of their behaviour. 

It may be pointed out here that the occurrence of a cycle of reactions of this 
kind — the formation of a nitrogenous ring followed by the elimination of the 
nitrogen — throws doubt in some cases on the validity of the arguments as to the 
structure of tautomeric bodies derived from their reactions with fatty diazo- 
compounds. For example, the formation of acetonitrile from diazomethane and 
prussic acid, which was assumed to be evidence of the nitrile formula, can 
equally well be explained on the imide formula thus: — 


■ CH 2 II + C=N-H CH 2 I ^ Ha + CH2=C=HH CH,-CN. 


This particular reaction has lost its importance since it has been found that 
methyl isocyanide is actually produced along with acetonitrile ; but the example 
is sufficient to show that a certain amount of caution is required in interpreting 
the evidence in such cases. 


Another important series of reactions of diazoacetic ester are its polymeriza- 
tions with alkalies. This subject has had a singular history. The phenomenon 
was first observed by Curtius,^ and led him to the discovery of hydrazine and so 
of hydrazoic acid. He regarded the products as triple polymers of the original 
ester, and called them triazo-compounds. They were then reinvestigated by 
Hantzsch and Silberrad,® who showed that their molecular weight was not 
three times but twice that of the diazo-ester ; they characterized many of the 
more important products, and suggested formulae for them. The work has 
recently been revised by Ourtius, D^ra]3sky, and Muller,® who have greatly 


^ JBer, 18 . 1283 j pr. Oh. [2] 38 , 408 (1888). Cf. Traiibe, J5er. 29 . 669 (1896). ^ 

^ ^er. 33 . 58 (1900); Silberrad, J. C. S. 1902 . 598. 

® Curtins, Tbompson, Ber, 39 . 1383, 3398, 4140 ; Curtins, Darapsky, Muller, Ber. 39 . 3410, 
3776 (1906); 40 . 84, 815, 1176, 1194, 1470 (1907); 41 . 3140, 3161 (1908). T^ie last of these 
papers contains a summary of the whole subject. Cf. E. Miiller, Ber. 41 . 3116 ; Bulow, Ber. 39 . 
2618, 4106. 
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extended oiir knowledge of these compounds, and have shown that the conclu- 
sions of Hantzsch and Silberrad are in many points incorrect. The present state 
of the subject is as follows : — 

If diazoacetic ester is treated in the cold with dilute alkali*or dilute ammonia, 
it is converted in the usual way into the potassium salt or the amide of diazo- 
acetic acid, ^/CH-COOK or ^/CH-CO-NHg. Free diazoacetic acid is too 

unstable to exist, and decomposes as soon as it is liberated. If diazoacetamide 
is warmed with alkali, it undergoes a remarkable isomeric change into a 
triazolone : — 


]sr=]sr 


1 / 7 

CH— CO 


NH, 


N= 




CH2-CO 


>NH. 


On hydrolysis this body breaks up, as does diazoacetamide itself, into nitrogen, 
ammonia, and glycollic acid. 

If diazoacetic ester is treated in the cold with concentrated potash or liquid 
ammonia, it gives the amide or the potassium salt of the so-called pseudo- 
diazoacetic acid, a double polymer (incapable of existence in the free state) which 
can be shown to be a dihydro-tetrazine of the formula : — 

NH 

COOH-Cf >CH-COOH. 


The same reaction occurs with primary amines ; but secondary amines react 
more slowly and form derivatives of another series of tetrazine derivatives, the 
bis-diazo-compounds, which will be mentioned below. 

The alkaline alcoholates act on diazoacetic ester to give yelloiv very unstable 
ester-salts, which Hantzsch and Lehmann ^ regarded as isodiazo-compounds, e. g. 


002Et-C<(|'^. 


Curtius ® and his collaborators have, however, proved from their 


decomposition-products that they are tetrazine derivatives, probably belonging 
to the pseudo-diazo series. The only true salt of diazoacetic ester known is that 
of mercury,^ which almost certainly has the metal attached to carbon : — 




COgEt-C-hg 


-IN' 


On the other hf^nd, if diazoacetic ester is heated with concentrated potash or 
strong ammonia, the salt or amide of an isomeric dihydro-tetrazine derivative is 
formed, known as bis-diazoacetic acid (the original tiiazo-compound of Curtins) : 
it may have either of two structures : — 

/N — NH 

. COaH-Cr >0-C02H or CO,H.C< SC-OO^H. 


^ JSer, 34. 2606 (1901). 2 Ber. 41. 3140 (1908). 

^ Buchner, Ber. 28. 216(1895). 
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The structure of these 6-ring compounds is determined mainly by their 
behaviour on hydrolysis. Under these circumstances the grouping =N~-2!k= 
always breaks off as hydrazine, and as nitrogen. Thus bis-diazoacetic 

acid is hydrolysed tp two molecules each of oxalic acid and hydrazine : — 

-f O—Hg 

> K • + NHo-NHg 

COoH-Cf >CC02H - COsH-CO.H + CO.H-CO^H, 

“ + NHo-NHg 

+ H0|H H;0H 

while pseudo-diazoacetamide ultimately gives two molecules of ammonia, two of 
glyoxylic acid, one of nitrogen, and one of hydrazine : — 

+ hI -oh 

I N-JSTH i + NHg-NHo 

^CH-CONHa -> 2 UH. CHO-CO.^H -f OHO-CO^H. 
>N==N -f N. 


The bis-diazo series may be obtained from the pseudo-diazo-eompounds by further 
treatment with potash. The change is exactly analogous to that of an azo- 
compound into the isomeric hydrazone. 

If the bis-diazo-compounds are further heated with excessively concentrated 
potash, one of the nitrogen atoms is extruded from the ring, and a triazole 
derivative is formed : — 


COaH-C^^' 


.N— N 

>C-COoH 
NH-NH 


N— N 

COoH-O C-CO,H. 
\/ " 
N-NH, 


On oxidatiosi, both the pseudo-diazo- and the bis-diazo-series are converted 
into derivatives of tetrazine dicarboxylic acid : — 


COaH-Ci >C-C02H. 
'N—K 


We should expect to find that these 6-ring derivatives could be made to lose 
the carboxyl groups and yield the simple ring compounds. Hantzsch and 
Silberrad considered that they had done this, but the bodies they obtained were 
really triazoles. Thus bis-diazoacetic acid loses two carboxyls on heating, giving 
l-N-amino-3, 4-triazole. ^ Pseudo-diazoacetic acid cannot be isolated, so in this 
case the reaction is impossible. It is, however, pos^'Eiible in an indii-ect way to 
obtain the dihydro-tetrazine which is the real bis-diazomethap^.® If the tetrazine 
dicarboxylic acid (the oxidation-product whose formula is given above) is heated, 
it loses its carboxyls and gives the free tetrazine, a deep red solid : and this on 
reduction is converted into the dihydro-tetrazine which is the mother substance 
of the bis-diazo series : — 


CO.H-OC >C-CO,H 


H< 


N— N‘ 




CH 


.N— K " 

HC'^ >CH. 


NH-NH 


» Biilow, Ser. 39. 2618, 4106 (1,906). 


Z 


2 


» Ber.40. 84, 836 (1907). 
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Its structure is shown by its giving formic acid and hydrazine (and no nitrogen) 
on hydrolysis. It exhibits the characteristic tendency of these 6-rings to 
^ crumple with the formation of a S-ring, being converted by gentle w^arming 
into an amino-triazole : — 


I 

We have thus seen how the 8-ring of diazoaeetic ester can be converted into 
a 5-ring (triazole), and into two different forms of a 6-rmg (dihydro-tetrazine). 
There is yet another change possible. If diazoaeetic ester is treated with 
hydrazine, an ISTg-ring is formed, the product being the hydrazide of azido-aeetic 
acid.^ This singular reaction is most easily explained by the intermediate 
production of a ^buzylene’ derivative: — 

NH.-NH., + ¥>OH-CO,Et = NH,-NH-N=N.CH2-C02Et 
W 

1^ IST 

II >]Sr-CHo-COoEt + NH, 1I>N-CH2-C0-NH-NH.,. 

There is another method of preparing diazomethane derivatives due to 
V. Peehmann, which may be mentioned on account of its simplicity. Sulphurous 
acid condenses vrith hydrocyanic acid (one molecule of the latter to two of the 
former) to give a disulphonic acid, which can be shown to be a primary amine : 
for example, by its giving Hofmann’s test with chloroform and potash. It must.. 

therefore, be aminomethane disulphonic acid, 

treated with nitrous acid it forms diazomethane disulphonic acid : — 


HCO.H ' + H-CO,H 

+ EHa-NHo 


HO 


isr— K 


\CH 


NH-NH 





S 03 H\f./NH .2 ^ 
SOaH/^NH + 


0 

II 

HON 


SO3H 

SO.H 


:>C<| 


-1- 2H.O. 


This body shows all the reactions of fatty diazo-compounds : for example, with 
iodine it gives nitrogen and diiodo-methane disulphonic acid, so that there can 
be no doubt about its constitution. It is to be noticed that we have here the 
case of a fatty compound which is capable of being diazotized although it does 
not contain the group CO-C-NHg. But it has a very similar structure. It 
contains an 1^112 in the f;-position to a strongly negative group, namely, the 
It is also t<^be observed that in this case the free acid can be diazotized, 
whereas the amino-carboxylic acids must first be converted into their esters. 

The body is further interesting as providing a ]practical method of making 
hydrazine. It forms a direct addition-compound with another molecule of 


sulphurous acid, of the formula 


SO3H N.H 
SOgH^ ""N-SOgH 


acids splits'- up with the formation of hydrazine. 


and this when boiled with 


1 Ber. 41 . S44 (1908). 
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III. N3 GROUP. AZIDES 


The azides, otherwise known as aziniido- or triazo-conipounds, oi" as diazo- 

imides, are the eslers of hydrazoie acid or azoimide, The numher 

N 


which is theoretically possible is limited, from the fact that the ring is only 
monovalent; but considerable attention has been directed to them in recent 
years. 

They were first prepared by Griess, by the action of ammonia on the diazo- 
per bromides : — 

^•N-Brg + H3N = + 3 HBr. 

Ill 

R 


They may also be formed by treating the diazo-compounds with hydrazoie 
acid, a reaction resembling Sandmej^er’s : — 

^•Ns-OH + HNg = + Ng + HgO, 

and further, in an unexpected way, by the action of the diazo-compounds on 
hydroxylamine,’ possibly through the nitrosamine : — 

9i-NH.NO -f H.,N-OH ^■NH-N=N.OH 6.N<lf -f HoO. 

^N 


Another method, which is most convenient for preparing them on a large 
scale, is by the action of nitrous acid on hydrazine derivatives. An intermediate 
product, a nitrosohydrazine, is formed first, which can in many cases be isolated 
oby working at a low temperature. This method is particularly used in preparing 
the azides of acids, and is part of the cycle of changes by which Curtius 
prepares hydr^oic acid from hydrazine : — 


+ HO-NO 


HgO + 96 .CO-N<^j 2 


2H2O + 


Curtius’s method of making hydrazoie acid consists in starting with an amide 
insoluble in alcohol — he generally uses hippuramide — and treating it vrith 
hydrazine hydrate, whereby it is converted into the acid hydrazide. This is 
then transformed into the acid azide as above, and the azide dissolved in alcohol 
and treated with ammonia, which reproduces the original amide, and, as it is 
insoluble in alcohol, precipitates it ; while the hydrazoie acid remains in 
solution : — 

+ EH3 = E-CO-NH2-+ HNo. 

In the same way phenyl azide, is best made by acting on phenyl 

hydrazine with niti’ous acid.^ 

The simplest organic azide, metByl azide, OHg-Ng, was discovered by Dim- 
roth and W. Wislicenus,® who made it by dissolving sodium azide, formed by 
the action of nitrous oxide on sodamide, in water, and treating it with ^ethyl 
sulphate : — 

2 Nal^a + (CH3)2S04 = + 2 CH3N3. 


^ E. Eischer, Ann, 190. 96 (1877); Mai, Ber, 25.372 (1892). 

- Bimrotli, JBei\ 35, 1029 (1902). ^ Ber, 38. 1573 (1905). 
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The methyl azide is evolved as a gas and condensed in a freezing mixture, 
a yield of over 80 per cent, being obtained. It is a colourless lic[uid, boiling at 
20-21°, and has an ethereal but unpleasant odour, resembling that of azoimide 
itself. The authors say that in gi'eat dilution the vapour smells like the air of 
a mouldy cellar. It explodes violently when brought into a flame, but its 
temperature of explosion is high, over 500°, so that it was found possible to 
determine its vapour density, which is normal, and even to analyse it completely 
by combustion, by mixing its vapour with a large excess of air or carbon 
dioxide. 

Several azido-derivatives of the simpler fatty compounds, such as azido- 
acetie acid, N.-OHa-GOaH, and azido-acetone, Ng-CHa-CO-OHa, have been prepared 
by acting with soium azide on the corresponding halogen derivatives. They are 
colourless liquids or solids of low melting-point, which, though they explode on 
heating, are fairly stable. 

The aromatic azides, like diazobenzene-imide or phenyl azide, are oily 

or crystalline substances of a strong peculiar smell, which explode at a somewhat 
high temperature. On boiling with dilute sulphuric acid they evolve nitrogen- 
and form aminophenols. This is no doubt due to the primary production of 
phenyl-hydroxylamine : — 

so that the reaction is exactly similar to that of the fatty diazo-compounds with 
dilute acids : — 

«■ 

The eyolution of nitrogen on treatment with either acid or alkali is a genex*al 
reaction of the azides; but in the case of many of the fatty derivatives the 
ultimate product is a ketone-imine, which easily loses ammonia to form the 
ketone or aldehyde : for example, camphoryl azide ^ or azido-acetone : — 
CHa-CO-CH.-Ng CH3.CO-CH=I^H CH3.C0.CH=0. 

On the other hand, many azides when treated with alkali undergo a different 
reaction, the whole azide group being eliminated as hydrazoic acid. In the 
aromatic compounds this reaction is promoted by the presence of negative 
groups on the ring: thus when dinitrophenyl azide, (N 02 ) 2 C 6 H 3 ‘N 3 , is boiled 
with alcoholic potash it h converted into potassium azide and dinitrophenol. 
This may be compared to the weakening of the attachment of chlorine to 
the nucleus by negative groups; indeed this is only one of many points of 
resemblance between the No group and the halogens. Among the fatty com- 
pounds the relations are more complicated.^ Camphoryl azoimide is hydrolysed 
by potash to nitrogen and the amide ; but the simpler fatty compounds, such 
as azidoacetic ester and azido-acetone and its oxime, all of which contain the 
group Ng-OHg-CO, give at the same time a considerable amount of free azoimide. 

^ Forster, Fierz, J, C.B. 1905 . 826. 

2 Forster, Fierz, J". a 8. 1905 . 722, 826; 1908 . 117^, 1859 ; Forster, ib. 1909 . 184, 191. 
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The behaviour of the two isomeric derivatives of propionic ester is peculiar. 
The ae-compound, CHg-CHaNa-COgEt, is very stable, and when the Ng ring is 
attacked it gives nitrogen and no azoimide ; while the jS-eompound, 

CH,N„-CH,-CO,Et, 

splits off azoimide with great ease. It is possible that these differences are 
connected with the readiness with which the bodies are able to go over into 
a tautomeric enolic form. A similar change is indicated by the behaviour of 
para-azido-phenol/ Whereas the corresponding ortho and meta 

compounds are colourless substances, existing only in one form, the para body 
occurs in two forms, one colourless, the other blue ; and these differences are 


ihaintained in solution. The blue form may be a quinoid derivative of the 

structure Q— < ; but there is no evidence of this. 

JNll 


Various attempts have been made to reduce the azides, but in all cases these 
resulted in breaking up the molecule, until recently Dimroth - was successful in 
obtaining a direct reduction-product of phenyl azide, with very remarkable 
' properties. He used a solution of stannous chloride in ether containing hydro- 
chloric acid, which has the advantage that the product is precipitated in the 
form of its tin double salt. If phenyl azide is reduced in this way at - 18°, it 
takes up two atoms of hydrogen, and yields a very unstable substance, to which 
we may provisionally give the formula of phenyl-triazene, ^-JST^ISi'NHg. Like 
the other triazenes this forms metallic derivatives, the copper salt being fairly 
stable, and the silver salt spontaneously explosive. Phenyl-triazene forms 
colourless plates which melt at 50°, but rapidly decompose, even in the cold, in 
contact with a trace of any solvent, giving aniline and nitrogen : — 

- 0.NH2 + Ha- 
lf these crystals are filtered off and placed on a porous tile under the micro- 
scope, they begin in a very few minutes to break up into small fragments, 
many of which are thrown up into the air. In about five minutes the crystal- 
line plates are converted into a fine powder, which soon begins to decompose 
into aniline and nitrogen. This powder is an isomer, melting at 40°, which is 
reconverted into the original plates (M. Pt. 50°) by recrystallization from ether. 
It must be an isomer, because its formation is practically unaccompanied by 
loss of weight ; hence its production cannot be due to the loss of ether of 
crystallization. It cannot be a mere case of physical dimorphism, because the 
more stable form has the lower melting-point. The two must therefore be 
chemical isomers, and there are various possible formulae : (syn- 

and anti-), and also a ring structure, 1 , phenyl cyclo- 

rs H 


triazane. Ho evidence of difference in chemical behaviour between the two 
forms has yet been obtained, but the general reactions of the body point clearly 
to two structures, that of a triazene and that of a cyclo-triazane. It condenses 
with phenyl isocyanate to form a urea, 0‘H=H-HH-CO-HH-9^, this being the 
normal behaviour of the triazenes, as we have seen, so that we should infer that 


Forster, Tierz, J. C. S. 1907 . 855, 1350. 


2 JSer. 40 . 2376 (1907). 
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it had one of the first two fomrulae given above; while on oxidation it is 
reconverted qua^rfatively into phenyl azide, which points to its being the ring 

compound B is at least probable that these two formulae represent 

the two isomeric forms. 

triazmt:-''*°“"™“' ^^nYativeB of triazene and those ' of cyclo- 

HN=:N.NH, — 

is of great interest. It serves to explain, for example, the fact* that nhenvi 
semicarbazide cannot be made in the Hofmann reaction to go int nhenvf 
mzene, but phenyl azide is obtained instead. The triazene which is n^ douw' 

/NH-NH-0 

wia dcuuy zr.r^ 1“*"“ 

two contiguous carbons of the fn * residue joins on to 

a ring containing three consecutivr^LoXte^^^^^^ l>2,3.triazole, . 

probable that a diazoamino-compound SzeneT s ? . T ^ 

product - for example, with malor est r intermediate 


CH2-CO,Et 
CO-OEt 


= ^&-NH 


:N=N.CH.CO.OEt 

EtO-CO 

= 


CO-CH-OO-OEt 


+ EtOH. 


rpl , , , , 

two distinct desmotropirf Jrms!*^ ^ThTiet^f^^^** “ 

is a neutral substance, while the enol.— structure is given above, 

^^C-CO-OEt, 

OH , 

“• two can be 
nothei, and their desmofropy is repeated throughout the whole 

^ Barapsky, Ber, 40. 3033 (1907) 

ZfUm «« (-05). 

Bunroth. 335 . 1 (1904) ; 338. 143 
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series of their derivatives, including the free acids (of jvhich the keto- is 
monobasic and the enol dibasic) and their salts. 

It is remarkable that this condensation with the azides is not confined to 
compounds with an acidic methylene group, but also occurs, for example, with 
acetic and propionic esters, in which the methylene is only attached on one side 
to a negative group, and is not generally regarded as having acidic properties. 
Thus propionic ester forms a compound ; — 






C^C-CHs 


OH 


Another synthesis which Dimroth has carried out by means of the azides is 
that of the fatty and the mixed diazoamino-compounds, as has alread}' been 
described, by condensation with Grignard’s reagent 

9.N<| -t- BrMg-CH, . 


Tlie same opening of the N3 ring, with the production of a diazoamino-coni- 
poimd, occurs under the influence of hydrocyanic acid, as we have already seen 
in dealing with the so-called diazoguanidine (carbamide-iniide-azide). Phenyl 
azide undergoes the same change when treated with hydrocyanic acid ^ 

+ HCN - or 

The second formula is the more probable, but of course the two are desmo- 
tropic. 

It is to be noticed® that one at least of the fatty diazo-compounds, diazo- 
acetophenone, || , behaves in the same way, and gives with prussic acid 

an open-chain diazo-cyanide, 0-CO-CH2*N=l^-CiS[. 

The diazonium azides, Ar*N~ 

111 
N 

group of five nitrogen atoms which they contain. They have been prepared by 
Hantzsch by treating the anti-diazo-hydrates with certain azide derivatives, such 

as azido-carbonic ester, CO . They are crystalline substances, soluble in 

^CO^Et % 

water, insoluble in ether, which are violently explosive, and are decomposed by 
soda to a diazotate and sodium azide^ 




<4 , are worth noticing from the very singular 




* WolfiF, Lmdenhayn, Ber. 39 . 2374 (1904). ^ WoIff, Auti. 325 . 129 (1902). 

3 Ber. 36 . 2056 (1903). 
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lY. 4-EIKGS 


Of tile 4-rings which contain nitrogen very little is hnown. We havoy 
however, an example of a O3N ring in trimetliylene imine^ which is made in the 
following way. The amide of toluene-j>suiphonic acid condenses with tri* 
methylene bromide to give the trimethylene-imide : — ^ 


Br.CHo CH2 

CHa-C.H^.SOo-NHs + >GHo = CH3.C6H,.S02-]Sr< >CH 2 4- 2 HBr. 
Br.CH2 OH 2 

The decomposition of the imide is not easy. The imine required would be at 
once decomposed by acids, and it is necessary to treat the compound with sodium, 
in boiling amyl alcohol solution. The nascent hydrogen splits oif the imine, on 
which it has no further action, and reduces the sulphonic acid to toluene and 
sulphurous acid. 

Trimethylene imine ^ is a liquid boiling at 63° which fumes in the air and 
smells strongly of ammonia. In fact it closely resembles ethylene imine, and 
not least in the remarkable ease with which the ring is opened.^ Acids break it 
at once. Even on evaporating the solution of the hydrochloride considerable 
decomposition occurs. Hydrochloric acid merely adds itself on to form chloro- 
propylamine, CH2C1‘CH2*CH2-NH2. With sulphuric acid water is taken up,, 
giving oxypropylamine, CH20H-CH2*CH2*NH2. The fact that the body really 
is trimethylene imine, and not the isomeric propylene-amine, is shown by its 


giving with nitrous acid a nitroso-derivative, 
a secondary base. 


CH2-N.NO’ 


which proves it to be 


If 


We may consider here the question of the stability of the polymethyiene 
imines, bodies of the general formula (CH2),j!N*H. They are commonly formed 
either by loss of ammonium chloride from the hydrochloride of the corresponding 
diamine : — 

-> (CH2)„>NH + NH,C1 ; 

or by loss of hydrochloric acid from the chloramine : — 

(CH2)„>NH + HCl. 

The readiness with which they are formed increases ® from the ethylene com- 
pound up to the tetrametKylene compound (tetrahydro-pyrrol or pyrrolidine). 
The pentamethylene^^erivative is easily produced, but less so than the tetra-^, in 
accordance with the usual rule that the 5-ring is the most stable. As regards 
the higher members of the series, though these have been described up to 
decamethylene imine, it is probable that they have not the structures assigned 
to them. Hexamethylene-diamine (and its chloramine) seems to form a small 
quantity of the corresponding imine, derivatives of which undoubtedly exist, as 
will be shown later, but the heptamethylene compound goes entirely to other 

' Howard, Marckwald, Bar. 32. 2036 (1899). 2 Of. Gabriel, Colman, Bar. 39. 2889 (1906). 

Of. y. BrauB, Stemdorff, Ben 38. 3083 (1905). ^ Cf. Willstatter, Bar. 33. 365 (1900). 
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products/ and the same is the case with the 8- and lO-carbop. analogues. These 
products are in some cases probably polymers of the type of piperazine, 

(in which the larger rings seem to be more stable)/ while in 

other cases the ring closes up through a carbon atom which is not at the other 
end of the chain. Thus Blaise and Houillon® have shown that the product 
obtained on heating octomethylene-diamine, iS[H 2 -(CH 2 )s-hrH.>, is not octomethy- 
lene inline but mainly a-n-butyl-pyrrolidine, 

CH 0 -CH 2 
CHyCHa-CHa-CHa-CH CH.^, 

NH 


and that the supposed decamethylene imine of Kraift^ is really hexyl- 
pyrrolidine. 

The derivatives of hexamethylene imine have been obtained in a different 
way, and identified beyond doubt, by Gabriel.® Methyl-e-aminoaniyl ketone 
loses water to form a base, presumably in this %vay : — 

OH3 CH3 

H0.C=CH-C^H2 ^ ^^/C=:CH^CH2 

HaN-CHa-CHg-CHa ^ '^CHa-CHa-OHj ‘ 

If this body is reduced (or if the ketone is reduced, when water is split off at 
the same time) it gives the saturated 7-ring imine, methyl-hexamethylene 


mime 


CH 3 

CH-CHo~CH. 


HN< 1 . 

^ ^CH2-CH2-0H2 

The only other formulae that this body might possess are those of ethyl- 
piperidine, propyl-pyrrolidine, or of the corresponding derivatives of trimethylene 
or ethylene imine. The last two • are excluded, since hydrochloric acid, which 
would break their rings, has no action on this body. The ethyl-piperidine and 
the propyl-pyrrolidine in question are known, and are quite different substances. 
There can thus be no doubt that the substance is really a 7-ring imine, of the 
constitution which Gabriel assigns to it. 

In connexion with the formation of these imine rings a remarkable case of 
stereo-hindrance has been observed.*^ The 1,4- and 1,5-dibromides, such as 
o-xylylene bromide and 1,4- and 1,5-dibromopentane, condense with primary 
aromatic amines to form phenyl-imines : — 

+ 2HBr. 


Substituted amines behave in the 'same wav, if their substituents are in the 


* V. Braun, C. Muller, Ber. 38. 2208 (1905) ; 39. 4110 (1906). 

“ Howard, Marokwald, Ber. 32. 2038 (1£99). Cf. v. Braun, Ber. 39. 4347 (1906;. ^ 

“ C. B. 142. 1541 (O'. 06. ii. 527). 

* Krafft, Bhookan, Ber. 25. 2252 (1892) ; KralFfc, Ber. 39. 2193 (1906). 

5 Ber. 42. 1259 (1909). 

e Soholtz, Ber. 31. 414, 627, 1154, 1707 (1898) ; Scholtz, Friemehlt, Ber. 32. 848 (1899) 
Scholtz, Wassermann, Ber. 40. 852 (1907). 
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meta or para positiqu. But if they have a substituent in the ortho position to 
the HHn, the reaction takes a different course, and an open-chain compound is 
formed : for example, with ortho-toluidine : — 



In this reaction cc-naphthylamine behaves^ as an ortho-substituted conTpound 
while ^-naphthylamine does not. In the case of one di-ortho-substituted com- 
pound which was investigated (mesidine) no reaction was obtained at all. 


A compound contaim'ng a CgNa ring is Curtius’s dimetliyl-ametliane,'^ obtained 
by the condensation of hydrazine with diacetyl in molecular proportions : 


CHa-CO ^ CH3-0=Y 

CHs-CO Hjllr CHsAn 
I t is a crystalline powder, melting at 270° 


2H2O. 


1 Curtius, Thun, J.pr.CJi, [2] 44. 175 (1891). 



X 


^ CHAPTEE XVII 

• 5-RINGS 

Of the great variety of 5-ring compounds which have been investigated, only 
one class will be dealt with : those containing a ring of four carbon atoms and 
one nitrogen. This includes the pyrrol and the indigo derivatives. 

PYRROL GROUP 1 

The pyrrol group of compounds has assumed of recent years a greatly 
increased importance from many points of view. It has been found, for example, 
that they, and especially the reduced pyrrol derivatives, are very widely dis- 
tributed in nature. The pyrrol ring has been found by Pinner in nicotine, by 
' Liebermann in hygrine, and by Willstatter in atropine and cocaine. Even more 
important natural substances have been shown to belong to this group. Thus 
the researches of Kuster and others have proved that both haemoglobin and 
chlorophyll are to be regarded as derivatives of methyl-propyl pyrrol, and, as 
we have seen, Emil Fischer has proved that a-pyrrolidine carboxylic acid is 
a constituent of nearly all proteid substances. 

If we add to this the great practical and theoretical importance of indigo 
and its allies, it is evident that the pyrrol group is one which deserves careful 
^ consideration. 

The formula 

^ CH—CH 

il II 

CH CH 

"nh 

was proposed for pyrrol by Baeyer in 1870, and has maintained its position 
(with some reservation in respect to the distribution of the double bonds) 
up to the present day. It is supported by the relation between pyrrol and 
thiophene and furfurane, as well as by a whole series of syntheses in which 
derivatives of these three classes result from y-dicarbonyl compounds, y-dike- 
tones, y-ketonie acids, &c. This method of synthesis was discovered by Knorr ; 
perhaps the simplest example is the preparation of dimethyl -pyrrol from 
acetonyl-acetone, CH 3 *CO-CH 2 -CH 2 *CO-CH 3 . The ketone itself is obtained by 
treating sodium acetoacetie ester with iodine, when tw^ molecules condense 
to give diaceto-succinic ester : — 


CH, 

1 

OH3' 

9H3 

9H3 

CO 

j 

r 

CO 

j 

^0 

(j!H-Na + la + 

= (Jh 

-(Jh + 2 Nal. • 

COgEt 

COaEt 

■ COgEt 

OOgEt 


^ See Ciamician, ‘ On tlie development of the chemistry of pyrrol in the last twenty-five years ’ 
[Ber. 4200 (1004)], a very full and clear account on which the following is largely based. 



334 


Pyr rol Group 


This diacetosuceiniq. ester (a body remarkable for the enormous number of tauto- 
meric forms in which it can occur) is itself a y-diketone, and therefore it will 
condense with ammonia to a pyrrol derivative, the ester of dimethyl-pyi-rol 
dicarbosylic acid. Knorr and Eabe' have investigated this Reaction in detail, 
and find that an intermediate compound is formed. It is probable that the 
ammonia first forms an addition-compound with the ester, and that thes then 
loses first one molecule of water, and then a second, to give the pyrrol 


Et02C-C=C0H-CH3 

1 -f NHo = 

EtOaC-CH-CO-CHs 

Et02C-(p=C0H-CH3 
^ Et 03 C-C= 0 (NH 2 )-CH 3 


EtOaC.tpCOH'CHa 

Et02C-CH-C0H(]SrH2)-CH3 

Et020-C=C-CH3 

^NH. ' 
EtOaC-C^C-CHa 


The second of these bodies can actually be obtained by working in ethereal 
solution at (f ; at the ordinary temperature the third, the pyrrol, is produced. 
The same intermediate stages probably occur in all syntheses of this kind.^ 

In the ordinary Knorr synthesis of dimethyl-pyrrol the diacetosuccinic ester 
is left to stand with cold soda solution, which saponifies it and at the same time 
splits off the very unstable yi^-carboxyls, leaving acetonyl-acetone. The interest 
of this body lies in the fact that it is capable of giving all the three heterocyclic 
5-rings. With a dehydrating agent it gives dimethyl-furfurane ; with phosphorus 
pentasulphide, dimethyl-thiophene ; and finally, with ammonia, dimethyl-pyrrol. 
If we disregard the intermediate compounds already referred to, these reactions 
are best written with the ketone in the dienolic form, when the products appear 
as its anhydride, its thio-anhydride, and its imine respectively : — 


CH=0 

GH=C 




\OH 

/OH 


CH: 

1 

OB 


.q</CH3 


0 




I >S 

CH=C<CH„ 


i >NH. 


OH: 


Acetonyl- Dimethyl- Dimethyl- Dimethyl- 

acetone. furfurane. thiophene. ^ pyrrol. 

The methyl groups in dimethyl-pyrrol can then be oxidized to carboxyl and 
so eliminated, giving pyrrol : a fairly conclusive proof of its formula. 

Knorr’s synthesis is capable of great extension. Practically any y-ketone, 
y-ketonic acid, or y-diketonic acid can be used, while the ammonia can be 
replaced by amines, hydrazines, or hydroxylamine. It is therefore of the utmost 
value for the production of c'ompounds of this type. 

Pyrrol can also b<r got by distilling ammonium niucate or saccharate, or by 
heating them to 200° with glycerine. The mucic acid first forms pyromucic 
acid (furfurane a-carboxylic acid), which than reacts with the ammonia, and at 
the same time loses another carboxyl : — 


CEOHCHOH-COOH CH=C<q CH=CH. 

OHOH-CHOH-COOH CH=CH 


' Ber. 33. 3801 (1900). 


» Of. Borsi^e, Pels, Ber. 39. 3877 (1906). 



355 


Pyr?vl: Syntheses 


Another general reaction, also discovered by Knorr,^ for^the preparation of 
pyrrol derivatives, is that of ketones with amino-ketones, including ketonic 
acids. The method is to start with the easily obtained isonitroso-ketone, and 
reduce this to amino-ketone in the presence of the other ketone. This reaction, 
like the former, has been shown to go in two stages, an open-chain compound 
being ftrst formed ; for example, in the simplest case of acetone and isonitroso- 


acetone : 


CHo 


+ 


CO-CH, 


CH,.CO NHo-CH, 


CH^-C CH. 


CHo 


CH-C-CHo 


CH3.C 


OH. 


NH 


Pyrrol can also be formed (though only in traces) by the reduction of 
succinimide with zinc dust or sodium, which is an important proof of its 
formula ; — 


I " >]srH 

CHo-C<^ 


+ 2 Uo 


CH=CH. 

CH=CH 


;>NH + 2 H 2 O. 


• and by passing acetylene and ammonia through a red-hot tube : — 


CH=CH 

CH=OH 


NH 3 


CH=:CH. 


CH=CH- 


.>NH -f 


The positions of the substituents on the ring are indicated in three ways, 
which tends to confusion. The commonest and simplest way is 


but Beilstein uses 


/3 a 

f-C 

C— O' 
/3' a' 


> 


3 2 
-C 




4 5 


and there is a third method sometimes employed, 

2 1 


C— C' 
3 4 


n. 


The formula of pyrrol is sufficiently proved by^these syntheses, and is sup- 
ported by the fact that the required number of isomers (e.g. three (n, a, /3) 
mono-derivatives) are found to occur among the substitution-products. The 
position of the substituents is often^ known already from the synthesis ; but an 
important method of determining it is by breaking the ring to form an open- 
chain compound. There are various ways in which the ring can be broken, and 
they are all really reversals of different syntheses. The method which is most 
importance for our present purpose — ^that of orientation — is an indirect hydro- 
lysis. Unlike the furfurane bodies, the pyrrols cannot be hydrolysed directly, 
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equilibrium was ipaintained in pyrrol by means of the two extra valencies of 
the nitrogen : — 


/\ /\ 
N 


A 

c/ \c 


and that this would explain the feeble basicity of pyrrol, since its nitrogen atom 
was pentavalent. But as regards the last argument, on which Bamberger 
chiefly insi^s, Marckwald^ has pointed out that the fact that theNH is attached 
to two -C-C- groups is itself sufficient to explain its feeble basicity, as 'is 
illustrated^by the cases of diphenylamine and dihydro-acridine, 


I II iT I, 



which contain the same grouping, and exhibit the same suppression of basic 
properties. The highly negative influence of this structure is further shown* 
in indene, 


the carbon-analogue of indol, where the two -C=C- groups communicate to the 
methylene a distinctly acidic character. 

Thiele has now introduced a greater flexibility into our conception of link- 
ages, and we may fairly adopt a modified form of Bamberger’s suggestion If 
must be modified, because pyrrol is much less completely saturated than benzene 
as is shown by its behaviour on oxidation. But we may suppose" that in pyrrol 
and similarly in thiophene and furfurane, the higher valency of the nitrogen (or 
the sulphur or the oxygen) is partially exerted, and that thus there are ' 
bonds which can go some way towards saturating the residual valencies ■' 
carbons in the two «-positions. This would be expressed in Thieles sy!. 
by the formula ^ 


U-l/OH 

CH, 



On reduction this passes as benzene dees into an ordinary un 
In this way we get an explanation of the peculiar, so to sp 
character of pyrrol." As regards its striking resemblance to ' ' 
some sort of reason for this also. The pec'uliarities of phenol:., 
to a great extent to its power of assuming a second tautomeric L"* 
the pseudophenols are derived : and pyrroh possesses the same r.. 
forms corresponding exactly in the two cases •— 


' Am.a'ra. S (1894); Ser. as. 114, 1501 (1895). 
Ct Ciamician, Gazz, 35. ii. 384 ((7. 05. ii. 1797). 
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the next (a-) carbon, is passed through a tube at a low red heat, the carbon of the 
side chain enters the ring. Thus N-benzyl-pyrrol is converted first into a-benzyl- 
pyrrol, and then into /9-phenyl-pyridine : — 


CH— CH CH-CH 

II II II II 

CH CH CH C-CHa-^ 

In the same way a-niethy 1-pyrrol gives pyridine.^ 




CH 

II 

CH 
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Derimtives of Fyrrol 


Potassium pyrrol, C 4 H 4 N-K, is formed with evolution of hydrogen by dis- 
solving potassium in pyrrol : and also by boiling pyrrol with solid potash, which 
is a proof of the acidic character of the imine hydrogen. Sodium goes in much 
less readily. Soda has no action on pyrrol at all ,• and metallic sodium only 
turns out the hydrogen at a very high temperature. This may be compared ' 
with the much slower reaction of benzene, which acts on potassium at a high 
temperature to give potassium benzene, CeHg.K, but does not act on sodium 
at all. 

Potassium pyrrol is a solid crystalline substance, decomposed by water into 
potash and pyrrol. It is the source of a large number of pyrrol derivatives, as 
on treatment with alhyl and acyl halides, chlorocarbonic ester, &c., it gives the 
corresponding N-substituted pyrrols. These products are remarkable for the 
ease with which on heating the substituent passes from the nitrogen to the carbon ^ 
as so often happens in the case of aniline. For example ’ 


CH=CH. 


CH=CH. 


CH=CH 


KI 


CH=CH 


It appears that in these cases the a- and /9-positions are occupied indifferently, 
a mixture of the two C-derivatives being generally obtained. 

The further behaviour of the pyrrols on alkylation is extraordinarily com- 
plicated, and has not yet been fully made out. By a succession of reactions 
a senes of pseudo-pyrrol, pyrroline, and pyrrolidine derivatives are produced, 
the alkyl groups being added on to the ring one after another. 

The alkyl pyrrols are of two kinds, the N- and the C-compounds. The first 
class are obtained from pota'ssium pyrrol, or by any of the syntheses, if an amine 
IS substituted for ammonia. They closely resemble pyrrol itself. 

The C-alkyl derivatives may be got from the N- by heating, or they may be 
orme y passing the mixed vapours of py/rrol and an alcohol over heated zinc 
dust. This IS essentially a dehydrating action : — 


CH=CH. 
OH=CH^^®' ''' 


CH=CH 


+ HgO. 


‘ Pictet, Ber. 38. 1951 (1906;. 
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On further heating they are converted into pyridine derivatiyes. They can also 
be prepared by modifications of the various pyrrol syntheses ; thus we have seen 
that acetonyl-acetone gives a,a'-dimethyl pyrrol. 

They also resemble pyrrol, but both the imine and the methine hydrogens 
are often even more reactive. They are easily resinified by acids. Fusion with 
potask oxidizes the alkyls to carboxyls, giving rise to the pyrrol carboxylic 
acids. 

The a-mono-alkyl and a,^-dialkyi compounds— i. e. those which have sub- 
stituents only on one side of the molecule— when treated with hydrochloric acid 
ill ethereal solution give double (not, like pyrrol itself, triple) polymers ; and 
•these when warmed with dilute sulphuric acid break up into ammonia and 
alkyl indols : — 

CHs-C — CH;,-C=:CH-C — C-CH., 

OHg-C CH-OH C-CHg = CHa-tcH-C O-CHs + NH,. 

NH 


’ The halogens act on pyrrol with extreme violence, even more so than on phenol 
and aniline. The halogen must be very dilute, or the pyrrol resinifies : and 
even when it is dilute, it is not easy to stop short of a complete replacement of 
all the four hydrogen atoms attached to carbon. 

Tetraiodopyrrol, obtained from tetrachloropyrrol and potassium iodide, is 
known as iodol, and is sometimes used as an antiseptic, having the same action 
as iodoform, but being free from the smell which generally accompanies the latter. 
An alkaline solution of chlorine or bromine both substitutes and oxidizes pyrrol, 

CCl— CO 

‘ giving the imide of di-chloro-maleic acid, II '>NH. 

COl-CO"^ 

% 

The production by further chlorination of pseudo-pyrrol derivatives analogous 
to the pseudo-phenols, such as pentachloro-pyrrol, C 4 CI 5 N, has already been 
mentioned. 


The lower halogen derivatives have recently been prepared by the action 
of sulphuryl chloride in ethereal solution.^ It is found that the halogen first 
occupies the a-positions and then the yS-, and it is only when these places are 
filled up that the imine hydrogen is attacked. The conversion of these products 
by oxidation into substituted maleinimides gives a means of determining the 
position which the halogen has taken up. 

The nitrosopyrrols can be prepared by the action of amyl nitrite and sodium 
ethylate. This gives the sodium salt, which is really derived from the isonitroso- 
compound or oxime, e. g. 


HC— C=N*01fa 
CH 

N/ 

In the case of pyrrol itself only this sodium salt is stable, but in some of the 
derivatives the free compound can also be prepared. 


' Mazzara, Borgo, Gasz, 35. i. 477 ; ii. 100 (C. 05. ii. 488, S59). 
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The riitropyrroJ.s can be made by direct nitration in the case'^of the more 
stable compounds, such as the cai'boxylic acids. Otherwise it is necessary to 
use amyl nitrate and sodium ethylate, which give the sodium salt of the 
isonitro-compound : — 

HC— C=]SrO-ONa 

\ 

HC^ CH . 

This is a very unstable compound, which explodes like gunpowder when touched 
with a hot wire. The dinitropjrrols are stable, though their salts also are 
explosive. 

The aminopyrrols^ can be prepared from the nitroso- or the nitro-derivatives 
by reduction witli zinc and acetic acid. They resemble the aromatic amines in 
being converted into diazo-compounds by nitrous acid. They are somewhat 
unstable bodies, as are the aminophenols. 

The azopyrrols are formed, like the azophenols or oxy-azo-compounds, by the 
direct coupling of the pyrrols with diazonium salts. The diazo-group takes up 
the a-position, and only goes to the /3- when the a- is occupied. The products 
closely resemble the oxy-azo-bodies, and like them are dyes. They also show 
the same tendency as the oxy-azo-bodies to go over into a tautomeric hydrazone 
form : — 

^N^N-CcH^-OH 0-NH-N=C6H4=:O 

^ ITO=CH 

CH CH. 

^NH 

The /3-azo-derivatives, obtained from compounds in which the two a-positions 
are already occupied, undergo a remarkable change when heated with excess of 
hydroxylamine, being converted into pyrazoles ^ : — 


^.N=N.CI CH 

II II 

CHg-C CCH3 
NH 


CH, 


CH 

y 


0-N- 


N 


CH3 

NOH* 


This unplies that the ring first opens, and then closes again thi-ough the 
azo-group. 

The pyrrol carboxylic aqids can be made by introducing carboxyl into pyrrol 
by any of the methods used in the case of phenol: for example, by heating 
potassium pyrrol in a stream of carbon dioxide, or by acting on pyrrol with 
chloroform m the presence of aleohohc potash (Tiemann and Eeimer’s reaction). 
In either case m a-acid is obtained. The "alkyl-pyrrols cannot be oxidized to 
amds by potassium permanganate, as in the benzene series, but only by fusion 
with potash; in this they resemble the phenols. But if the ring contams 
an acyl group, as CH 3 .CO, as well as an alkyl, then the alkyl can be oxidized to 


1 Angelico, C. 05. a. 9C0 ; Angeli, Marchetti, 0. 08. i. 739. 
Castellana, Gaxx. 36. u. 48 (C. 06. u. 1126). 
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carboxyl by permanganate, though in this case the acyl only yields to potash 
fusion. 

The carboxjdic acids of pyrrol resemble those of phenol in many respects. 
They lose carbon dioxide even more easily than the latter, often merely by 
boiling with water, or by heating alone above their melting-points. This, 
howev% is a common property of carboxyl attached to a nitrogenous ring. 

It is remarkable that the /3-acids, both of pyrrol and of indol, are much 
weaker than the corresponding a-acids, as is shown by the following values of 
the dissociation constant K ^ : — 


a-pyrrol“Carboxylic acid 

/^" jj ?? • • 

a, /3-dimethyl-pyrrol cc'-carb. acid 

?? J3 /^ " 53 5 5 

a-indol-carboxylic acid 

/^“ 55 55 55 • • 


. 0-00403 
. 0-00012 
. 0-0002 (about) 

. 0-000075* 

. 0-0177 
. 0-00056 


This is the more strange since the opposite is the case with the acids of 
- pyridine : — 

a- 0-0008 : /3- 0-00137 : y- 0-00109. 

The reduced pyrrol derivatives are of less importance. Their nomenclature 
should be observed, as it is typical of that adopted in all these heterocyclic 
compounds. By treating pyrrol with zinc and acetic acid, two hydrogen atoms 
ai*e introduced, and dihydropyrrol is formed, which on treatment with hydriodic 
acid and phosphorus takes up two more hydrogen atoms to give tetrahydropyrrol. 
Dihydropyrrol is known as pyrroline, tetrahydro- as pyrrolidine : one syllable 
being added for every pair of hydrogen atoms : — 


'll 11 

CH CH 

Pyrrol, 


CHo~CH 

I " 11 

CH 2 OH 

NH 

Pyrroline. 


CH2 CHg 
Pyrrolidine. 


This system is always used : thus we have in the pyrazole series : — 


CH~CH 
II II 
CH N 

Pyrazole. 


CH 2 i 
NH 

Pyrazoline. 


(^H2-0H, 

OH 2 NH 

Pyrazolidine. 


The reduced pyrrols have entirely lost the peculiar aromatic character of 
pyrrol, and behave as unsaturated or saturated fatty compounds. Thus pyrro- 
line is a strong base, forming stable salts with acids, and giving a quaternary 
iodide with methyl iodide. The fu^ither reduction of the pyrrolines to pyrroli- 
dines is not easy. It requires the action of hydriodic acid and phosphorus, and 
it is difficult to prevent this from going too far, and giving an alkylamine or 
even a hydrocarbon. 

Pyrrolidine is tetramethylene imine, and can be made, as has already been 


Ang^li, 6azz» 22. ii. 1 (1892). 
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mentioned, by beating tlie hydrochloride of tetramethylene diamine. In its 
physical and chemical properties it closely resembles the next member of the 
series, pentamethylene imine or piperidine. When rapidly heated or distilled 
over zinc dust it is converted into pyiToI. It shows the characteristic behaviour 
discovered by Hofmann for juperidine on what is known as exhaustive niethy- 
lation. This is the effect of continued treatment with methyl iodidoj^and is 
a remarkable series of reactions, which has often proved of great value in 
elucidating the structure of the nitrogenous rings of the alkaloids. In the case 
of i.)3Trolidine the successive stages are as follows : — 


CH.-CHo 


/ 




CH2-CH0 

CH.-CH 


">N-CH 3 


/CH3 

I “ >N-CH, 


-> CHo=CH-CH2.CH2.N(CH3)3l CH2=CH.CH=CH2 + N(CH3)J. 
The main effect of these reactions is to split off the nitrogen from the ring first 
on one side and then on the other, in each case with the production of an 
ethylene group, the final product being trimethylamine and a doubly unsatu- 
rated hydrocarbon. In the same way i 3 -methyl-pyrrolidine can be converted 
into isoprene, CH2=C(CH3)-CH=CH2. 

A somewhat similar reaction is that of phosphorus pentachloride on benzoyl- 
pyrrolidine (and also on benzoyl-piperidine).' According to the conditions the 
ring can be split off on both sides from the nitrogen, or only on one, its place 
being taken by chlorine ; — 


1 “ “>N-CO-0 


^ Cl-(CH2)4-N=CCb^ C1-(GH2)4-NH-C0-^&. 
C1-(CH2)4-C1 -f 


INDOL GEOUP 


If a benzene nucleus is imagined to condense with a pyrrol nucleus so that 
the resulting compound has two ortho-carbon atoms of the benzene identical with 
the a- and / 3 - of the pyrrol, we get a body bearing the same relation to pyrrol 
that naphthalene does to benzene, whose systematic name is benzopyrrol : 


CH 


HO 

HC 


(^H 

CH 


+ 


CH- 

CH 


-(j!H 

CH 



CH 


NH 


HC G 
CH NH 


-(| 1 H 

ch' 


This body is indol, the mother substance of indigo and its derivatives. This 
group of compounds is for various reasons of the highest importance. The 
physic^ and chemical properties of indigo early attracted the attention of 
^ t X Q'Hd its bronzy lustre seemed particularly mystexdous, 

and the latter was at one time supposed to indicate something of a metallic 


^ V. Braun, Bescbke, JBer, 39. ai9 (1906). 
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nature. In a more scientific age, the desire to elucidate the^ constitution of the 
substance was naturally stimulated by the hope of discovering a method of pre- 
paring artificially the most valuable and most beautiful of natural dyes. The 
history of the ste^s by which these two problems, so closely interwoven— the 
scientific and the technical— were ultimately solved by the labours of Baeyer 
and others, extending over the last forty years of the nmeteenth century, forms 
one of the most interesting chapters in the history of chemistry.^ 

The main credit of these great achievements belongs of course to Baeyer, who 
seems to have been destined by nature from a very early age for the investiga- 
tion of the subject. But the scientific examination of indigo began many years 
■before his time, and in the first half of the nineteenth century several valuable 
benzene derivatives were obtained from it. Thus in 1826 Unverdorben prepared 
aniline from it by dvj distiUation; and in 1841 Pritsehe obtained 8y oxidation 
anthianilic acid (o-amino-benzoic acid), a body which has since become important 
in connexion with the synthesis of indigo. 

The first work which was really of value for the elucidation of the formula 
. was Laurent and Erdmann’s discovery that indigo when oxidized with nitric 
acid yields isatin, CgHgN02. They were not able to throw much light on the 
structure of this body, though it was clearly a benzene derivative ; and for some 
years the subject was not further investigated. Then Baeyer took it up, and 
showed that isatin, C 8 H 4 -C 2 HN 02 , could be converted by reduction first into 
dioxindol, CeHi-OaHsITOa , and then into oxindo], C 6 H 4 -C 2 H 3 NO. Baeyer had 
just been working on barbituric acid and its derivatives, and had proved bar- 
bituric acid to be malonyl-urea : and he was struck by the remarkable resem- 
^ blance of the series isatin, dioxindol, oxindol, to the series alloxan, dialuric acid, 
barbituric acid, a resemblance fully borne out by their modern formulae : — 


Isatin 

C6H4-C2HN02 

CO 

0 > ■ 
NH 

Alloxan 

CaHNOj-CsHNOg 

Dioxindol i 

O0H4.C2H3NO2 1 

CH-OH 

03=“ ■ 

NH 

Dialuric acid 
C2HN02-C2H3N02 

Oxindol 1 

CeH4-C2H3NO 1 

CH 2 

03“ : 

NH 

Barbituric acid ' 
C 2 HNO 2 C 2 H 3 NO 


CO 

CO CO 
NH ]llH 

CHOH 

NH NH 

CHa 


CO 


He regarded oxindol as a phenol, and considered that on reduction it should 
give a body in which the hydroxyl Vas replaced by hydrogen, which b# called 


^ This subject was summarized from the scientific side by Baeyer, and from the technical side by 
Brunck, in two lectures delivered at the opening of the Hofmannhaus in Berlin in 1900 (Ber. 33. 
Sonderhe/if li, Ixxi). The following aofiount is largely based on these papers. ' 



366 


Indol Group 


indoL This lie act|ially prepared in 1866 by passing oxindol vapour over beated 
zinc dust — a method introduced here for the first time, and adopted immediately 
afterwards by Graebe and Liebermann for the conversion of alizarine into 
anthracene, by which they were led to the synthesis of alizarine. 

In 1869 Kekule suggested that isatic acid, which is formed from isatin by 
the addition of a molecule of water, and readily passes back into isatin^ again 
was amino-benzoyl-formic acid, and isatin its anhydride : — 


Isatic p ^ yCO‘COOH 
acid 


Isatin 


/CO-CO 
CqHA I • 


He suggested that it might be synthesized from o-nitro-phenyl-acetic acid,, 
but he was unable to prepare this acid, and so could not test the synthesis 
Baeyer saw'^that if Kekule’s view was right, the reduction-products of isatin, 
dioxindol and oxindol, might be similarly-formed anhydrides of the reduction- 
products of o-aniino-benzoyl-formic acid, i. e. of o-amino-mandeiic acid and of 
o-amino-phenyl-acetic acid : — 


Isatic 

acid 

f^-COCOOH 
U-NH 2 • 

: Isatin 

^ CO 

NH 

o-amino- 

mandelic 

acid 

f^CHOHCOOH 
U-NH, = 

Dioxindol | 

CHOH 

NH 

o-amino- 

phenyl-acetic 

acid 

r^-CHj-COOH 
U-NH 2 = 

Oxindol 1 

CH, 

1 CO . 

r 

NH 


He proved that isatic acid gave on reduction o-amino-mandelic acid, which on 
further reduction gave oxindol : and on June 6 , 1878, he for the first time 
synthesized isatin from o-nitro-phenyi-acetic acid by reduction to oxindol, followed 
by oxidation : — 


A-CHa-COOH (^-CH.,.COOH 

U-NO2 ^ U-nh; 



NH 



As he had already, in 1870, prepared indigo from isatin by treatment with 
phosphorus pentachloride and I'eduction, this was the first true synthesis of 
indigo. ^ 

The formulae of isatin, dioxindol, oxindol, and indol were thus determined 
by the year 1878. The question of the fornfala of indigo still remained. It was 
certainly closely related to the indol deri-vatiyes, as was shown by its formation 
from mtin. Its s^optie formula was proceed by analysis and vapour density to 
^ 16 10^2^27 while that of isatin is CgH5N02. Hence indigo is formed by 
t e condensation of two molecules of isatin with the loss of two atoms of oxygen, 
t was therefore to be expeefied that it would be obtained by the reduction of 
isa m. But Baejer had shown that isatin couldkbe reduced by successive stages 
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through dioxindol and oxindol to indol itself, which contain^ no oxygen at all, 
.without indigo being formed in the process. He had further shown that in 
dioxindol and oxindol it was the /3-carbonyl which was reduced, and he there- 
fore suggested that the presence of the carbonyl group in the / 3 -position may be 

necessary to tiie formation of indigo. 

Wei^re practically sure, then, from the relation of indigo to the indol group, 


9. 

that it contains the same nucleus as indol, We know that it consists 

N 

o^two such nuclei joined together, no doubt by means of the pyrrol ring. The 
next question is how this junction is effected, whether through the carbon or 
the nitrogen. If it is through the carbon, it is probably the a- and,not the /3-, 
since the presence of a /3-carbonyl seems to be required for the production of 

indigo. 

This question was settled by Baeyer in 1882, by the synthesis of indigo 
from di-o-dinitro-diphenyl-diacetylene. o-nitro-cinnamic acid forms a dibromide 
which when treated with alkali loses two molecules of hydrobromie acid, and 
gives o-nitro-phenyl-propiolic acid : — 


^-CH=CH.COOH 



CHBr-CHBr-COOH 

NO 2 


l^-C=CCOOH 

U-NO 2 


(^-C=CH 


This acid loses carbon dioxide to form o-nitro-phenyl-acetylene, and when the 
^copper derivative of this is oxidized with potassium ferricyanide, two molecules 


condense to give di-o-dinitro-diphenyl-diacetylene, f] ^ 7 :^ which on 

j . <1. JNU2-V 

reduction yields indigo. 

This proves that the two phenyl nuclei in indigo are joined by an unbranched 
chain of carbon atoms ; or, in other words, that the two indol nuclei are joined 
together through the two a-carbon atoms ; and this gives, as the most probable 
formula for indigo, 



NH NH 


The only other possible formula would have the hydrogen attached to the 
oxygen instead of the nitrogen. This, however, was shown by Baeyer to be 

^CO 

impossible, for the following reason. The N-ethyl ethei^ of isatin, IJs^CO » 

N.Et 

condenses like isatin itself to dietlj^l-indigo, which must therefore have two 
ethyl-imino-groups, and this substance exactly resembles indigo in its properties. 
It follows that indigo must contain 4 iwo imine groups, and so have the formula 
which Baeyer assigned to it. ^ 

This is in outline the history of the discovery of the constitution of indigo 
and the indol compounds. Before considering the individual substances in 
detail, it will be well to give a ^ list of the more important of them. 
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Tliey are all drived from indol or benzopyrrol, and from diliydro-indol or 
benzopyiTolme, a body which has recently been isolated : most of them from 
either, according as we regard them as ends or ketones. By replacing the 
flc- or /3-iiydrogen, or both, in either of these bodies, by hydroxyl or ketonic 
oxygen, we arrive at the follomng compounds ; — 


0 ; 


_CH a 


'OH a 
NH 

Indol, benzopyiToI. 


a 


-CH, 


'CH., 

NH " 

Dihydro-indol, indoline, 
benzopyrroline. 


^ C OH • 

[ 1 it. 



U-^-^CH, 

NH 

NH ' 

/i-oxy-indol, indoxvl. 

/3-indolinone, pseudo-form 


of indoxyl. 

A CH 

1 1 II 

A— <5)H, 

V\,.-C-OH 

U\^co 

NH 

NH 

a-oxy-indol, oxindol, enol form. 

Oxindol, keto-form. 




HOH 


CO 
NH 

Dioxindol. 


a 


_co 

I 

-CO 


NH 

Cr 


N 


Isa tin. 


-CO O 
'C 

NH NH 

Indigo. 


3 : 


0 


CXJc-' 


hih 


_ Of these compounds, those which have the a-carbon oxidized (oxindol, 
dzoxindol, and isatin) are the lactames or lactimes of o-amino-benzoyl-formio 
acid and its reduction-products. These names are intended to indicate the 
analogy of the products to the lactones on the one hand and the amides or 
imides on the other. They are formed by loss of water between the NHg group 
(instead of the OH, as in the lactones) and the carboxyl : and this may occur in 
two ways. Either the OH of the carboxyl goes out with one hydrogen of the 

carboxyl with both hydrogens of 

tne JNHa, giving an intramolecular imide:— 


-<r 


''OH 

-NH^" 


-C 




' NH 


r/OH 

-C'^o 

<-NH, 


e/OH 

' II 

—N 
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It is to be noticed that the two formulae are desmotropic, anjl are related in the 
same way as ketone and enol : — 




a COCOOH 


Compare : — 



CO 

CO 


NH 


Isatin. 

Lae tame. 


Wc-OH • 

Laetime. 


.CO 6oh 

-GIL., -CH 

Ketone. EnoL 


Indol or benzopyrrol is a crystalline solid, melting at 52° an(f boiling at 
245°. It is obtained from its oxy-derivatives such as indigo and indoxyl by 
treatment with zinc dust (Baeyer, 1866-8) or sodium amalgam. A large 
number of syntheses have subsequently been discovered by Baeyer and others, 
, of which the following are the most important. 

1. From o-amino-co-chloro-styrol by treatment with sodium ethylate (removal 
of hydrochloric acid) : — 

/N— CH ^ CH 

U\ChCH = HCl + U\,/CH- 

NH 


2. From o-nitro-cinnamic acid by reduction, the being first converted 
^inm a hydroxylamine group: — 

/n^ch ri— D 

U\CH-Co6h U\&OOH -> Ia^CCOOH 

NOa NH-OH NH 

^ CH 

U\.,-CH + COa. 

NH 


Indol is also formed to a small extent by passing the vapour of methyl-o- 
toluidine together with hydrogen over reduced nickel at 300°.^ This reaction 
is reversible, and indol may in the same way be partially reduced to methyl-o- 
toluidine. 

The allcyl-indols may be prepared in various , ways. For example, from 
aniline and chloi^o-acetone, the latter reacting in the enolic form : — 

U-NHa + HO-C-CHa L<k.-C-CH., + HCl + HaO. 

NH 

Another way is from acetone and phenyl-hydrazine in presence of sulphuric 
acid or zinc chloride.* The hydrazone which is first formed eliminates an atom 
of nitrogen as ammonia from the middle of the chain in a peculiar manner, so 


1 Carrasco, Fadoa, C. 06. ii. 683 ; 07. i. 571. 


2 Plancher, Caravaggio C. 05. i. 1154. 
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as to form the steble 6-ring ; but the reaction proceeds quite smoothly and 
gives an excellent yield : — 


CH 

II 

NH 

Indol itself resembles pyrrol in many respects. Its solution dyes a pine 
shaving moistened with alcohol and hydrochloric acid a cheiTy red. It is only 
feebly basic, and is easily resinified. 

The homologues of indol resemble indol in properties, but are more stable 
towards acids. They all, except the a,/3-dialkyl compounds, give the phr&. 
shaving reaction. On fusion with potash the side chains are oxidized to 
carboxyl, ^ving the indol carboxylic acids. 

Dihydro-indol is made by reducing N-methyl-indol with zinc and hydro- 
chloric acid to N-methyl-indoline, and heating this with hydriodic acid and 
phosphorus, whereby the methyl group is split off.* It is a liquid boilins at 
220-221°. * 

xs C-OH 

Indoxyl, or /i-oxy-indol, U^^CH , occurs in the indigo plant as the 

NH 

glueoside indican, and may be obtained by fusing indigo with potash in the 
absence of air. It is an unstable oil which is rapidly oxidized by the air 
to indigo. It is one of the intermediate products in the commercial manufae- 
ture of indigo. 

Indoxyl is tautomeric. It can react also as a ketone, 07 ..-'OH. ? tte form 

Nir “ 

known as pseudo-indoxyl, which, however, is not capable of separate existence. 
In favour of the enol form there are many reactions. Indoxylie ester behaves 
as a phenol, dissolving in alkali, and being repreeipitated by carbon dioxide. 
Pi — c-oH 

It must therefore be U\^C-COOEt- It gives witli ethyl iodide an ethyl ether, 
NH 

and ais saponifies to ethyl-indoxylic acid (the phenol ether), which loses carbon 
dioxide to form ethyl indoxyl. 


p_H H„GH 
^nh-n-<^g-ch,. 


NH3 + 


0 


a 


-COEt 
'OH • 


NH 


On the other hand, indoxyl and indoxylie acid react with aldehydes and 
ketones m the pseudo-form: thus with benzaldehyde they give:— 


(t 


-CO 


NH 


-Ct=CH-^ ' 


^ Plancher, Bavenna, 0. or. ii. 335. 
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It is to be noticed that the oxidation of indoxyl to indigo is most simply 
represented as a reaction of the keto-form : — * 


a 


NH 


-CO oc. 

"CHa + O2 + 


0-.0 


Oxindol, or a-indolinone 




FH 
-CH, 
-CO , 


—CO oc__^ 
NH NH 


FH 


melts at 120°. It is the lactame of 


o-aniino-phenyl-aeetic acid, into the barium salt of which it is converted by 
gating with baryta to 150°. So great is the tendency to close the ring that the 
free acid is incapable of existence : if the barium salt is treated with acid the 
oxindol is formed at once. (Compare the behaviour of the )'-oxy-a«ids.) It is 
also produced by the reduction of dioxindol, and hence of isatin. 
p, (jJHOH 

Dioxindol, U\.^CO ^ is the lactame of o-amino-mandelic acid, which also 
FH 


can only exist in the form of its salts, and passes over as soon as it is set free 
into the lactame. 


— CO ri— 

Isatin is the lactame, sJ\^CO > lactime, LJv>'C-OH- o-amino-benzoyl- 
FH F 

a CO'COOH 

NHo ’ generally known as isatic acid, whieli can be isolated, 

but if warmed in aqueous solution goes over into isatin. Isatin forms orange 
"^red prisms, melting at 201'". It was jfirst obtained by the oxidation of indigo, 
and was first ^synthesized by Baeyer from o-nitro-pbenyl-acetic acid. Baeyer 
also synthesized it from o-nitro-phenyl-propiolic acid, which on treatment with 
alkali is transformed into the so-called isatogenic acid, which then loses carbon 
dioxide to give isatin : — 


n-C=C-COOH 


o-nitro-phenyl- 
propiolic acid. 


Or 


—CO 


'\yC.COOH 
F— O 

Isatogenic acid. 


CO2 + 



Isatin. 


It is also formed by the oxidation of oxindol and of dioxindol. If it is 
reduced with zinc and hydrochloric acid it goes iTack into dioxindol.^ 

Isatin was one of the earliest observed cases of tauton^rism. It forms an 
acetyl derivative, which must have the acetyl attached to nitrogen, since it 
yields acetyl-isatic acid. It is therej^ore derived from the lactame form i — 


Or 


CO 


0 


FH 


'\/CO 

F-CO-CHs 


a: 


COCOOH 

FH-CO-CH, 


1 

exist. 


Hydro-isatin, the supposed intermediate reduction-product of isatin, has been shown not to 
Heller, Ber, 3^. 988 (1904). ^ ♦ 
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On the other h^nd, silver isatin gives with ethyl iodide an ether which must 
have the alkyl attached to oxygen, as it is readily saponified to isatin. ^This 
would not in itself prove that the silver in the salt is on the oxygen ; but it is 
fairly good evidence of this ^ that the silver is removed as silver oxide when the 
salt is treated with potash. The mercury compound, on the other hand, must 
be an N*salt, for on treatment with potash the metal is not removed,rt^though 
the ring is broken and a potassium salt of the mercury compound is formed : 


0 :: 


<J0 

'\/C0 

N-hg 


l^-CO-COOK 

U-NH-hg 


We may therefore assume that the silver salt is derived from the lactime form 


r 


U\<^C-OH 

N 


V-^C-OAg 


n-<f“ 

V\^0-OEt • 
N 


Free isatin probably has the lactame structure, both in the solid state and 
in acid solution. Goldschmidt and Meissler ^ have shown that its reaction with ■ 
phenyl isocyanate is in accordance with this view, and Hartley and Bobbie * 
have been led to the same conclusion by a study of the absorption spectrum. 
On the other hand, the alkaline solution and the alkaline salts appear to possess 
the tautomeric enol structure. The change from one to the other can be shown 
by means of a characteristic colour change.* Isatin dissolves in soda to form 
a bluish-red solution of the N-salt. On standing at the ordinary temperature 
the colour soon changes to pale yellow, owing to the formation of the 0-salt. 
The salt of isatic acid is not formed unless the solution is boiled. If the yellow^ 
solution of the 0-salt is acidified, the colour only gradually goes back to reddish, 
and then the isatin crystallizes out 

When treated vrith phosphorus pentachloride, isatin reacts, as we should 
expect, according to the enol formula (compare the case of uric acid), and gives 
1^00 

isatin chloride, vJvi-c.oi, which on reduction with zinc and acetic acid, or with 
N 

hydriodic acid, gives indigo. It is probable that the first effect of the reduction 
is to add on two atoms of hydrogen, with the formation of chloro-indoxyl, which 
then simply loses hydrochloric acid ; — 


f 



0 


-CO 00_ 


NH 


I 

=C\ 
NH 


0. 


Indigo, sometimes known as -indigotin, occurs in the form of indican 
(probably a glucoside of indoxyl) in the itidigo plant {Indigofera Tinctoria) of 
China and India, and in smaller quantities in the European woad {Isatis 
Imdona). To obtain it fr-om the indigo^plant, this is crushed in water and 
allowed to stand exposed to the air. An enzyme contained in the cells of the 


* Peters, Ser. 40 . 235 (1907). 
^ J.C. 9: 1899. 640. 


= Ser. 23 . 253 (1890). 

* Cf. H^ler, Ber. 37 . 938 Anm. (1904). 
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piaiit breaks up the indican into glucose and indoxyl, and the latter is oxidized 
by the air to indigo.^ In dyeing with indigo two processes are employed. 
Either the dye is dissolved in sulphuric acid, and so converted into a disulphonic 
acid which is soluble in water and can be used for dyeing directly (Saxon 
process), or it is \educed to the leuco-base, indigo-white, by treatment with 
grape s§gB,r in alkaline solution. The cloth is then dipped in this and the 
leuco-base oxidized on the fibre by the air. This indigo-white is probably 
a di-indoxyl:— 

_C-OH HOG, 


a 


NH 


-C\. 

NH 


0 


Indigo is a dark blue powder with a coppery-red reflection when gabbed. It 
is without smell or taste. It is insoluble in water, alkalies, acids, alcohol, and 
ether ; but dissolves in aniline, molten paraflin, and some other organic sub- 
stances, crystallizing out again on cooling. It has been found ^ that if indigo- 
white is oxidized in a solution containing certain colloidal substances, the 
Indigo, instead of being precipitated, remains in solution in a soluble colloidal 
form. The best substances to employ as colloids are the higher hydrolytic 
products of the proteids, such as lysalbic acid. The solution is quite stable, and 
on evaporation leaves the indigo behind as a blue friable amorphous mass, 
easily soluble in water. It would seem, however, that this soluble form is 
a compound of indigo with lysalbic acid. From its aqueous solution the indigo 
is precipitated in the ordinary insoluble form by organic acids. 

Indigo is further remarkable for its volatility. It forms a dark red vapour 
bn heating, and under diminished pressure can be sublimed without decom- 
position. ^ 

The molecular weight of indigo in solution has been examined by Vaubel,'^ 
with rather unsatisfactory results. His work has been repeated by Beckmann 
and Gabel, ^ who find that indigo gives the normal molecular weight by the 
boiling-point method in all the solvents investigated (quinoline, aniline, phenol, 
and p-toluidine). The same value was obtained by the freezing-point method 
in aniline and phenol. But the lowering of the freezing-point of j^-toluidine 
indicates a double molecular weight, so that it appears that in this solvent 
the molecules of indigo are double at the freezing-point (45°) but single at the 
boiling-point (198°). The crystals of p-toluidine which separate out are quite 
colourless, so that there can be no question of the results being vitiated by the 
formation of a solid solution. 

The constitution of indigo has already been discussed'^ The main points 
are 

1. Its relation to indoxyl and i^atin shows it to contain two benzopyrrol 
nuclei. 

2. Its formation from di-(o-nitro-phenyl-)-diacetylene shows that these two 

nuclei are joined through the two a-carbon atoms. • 


1 Cf. Bergtheil, /. 0. S, 1904. 870. ^ MoHau, Zimmermann, C, 03. i. 640. 

® e. 01. ii. 779 ; 02. i. 936. ^ 39. 3611 <1906). « 

1176 
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3. The production of N-diethyi-indigo with properties similar to those of 
indigo shows tha£ it contains two NH groups. 

The syntheses of indigo are very numerous, and some of them have been 
mentioned already. The more important are the following: — 

The first true synthesis was completed by Baeyer in 1878, when he synthe- 
sized isatin from o-nitro-phenyl-acetic acid, as he had shown in 1870 th|t isatin 
can be converted into indigo. 

There are also a whole series of syntheses which Baeyer has worked out 
starting with o-nitro-cinnamic acid. 

The acid may be oxidized with permanganate to o-nitro-benzaldehyde : this 
condenses with acetone to the methyl ketone of o-nitro-phenyl-lactic acid, whieh 
on treatment with alkali, gives acetic acid, water, and indigo : — 


fvCH=CH.COOH rY-CnO + CH..GO-CH. 



Or it may be converted by bromine into the dibromide, and this with alcoholic 
potash into the propiolic acid : which, on reduction in alkaline solution, gives^ 
first isatogenic acid, and then loses carbon dioxide to form indigo : — 


A-CHBr-CHBr-COOH 


I^^G=C-COOH 

U-NO, 

^\/C-COOH ( reduction ) 
N— O 


CO2 + indigo. 


Lastly, the propiolic acid may be converted by loss of carbon dioxide into 
o-nitro-pbenyl-acetylene, and this condensed by the action of potassium ferri- 
cyanide to the diaeetylene derivative, which, on treatment with alkali and reduc- 
tion, yields indigo. 

Since indigo can be obtained from indoxyl and from isatin, every new 
S3mthesis of either of these bodies is a synthesis of indigo. Indoxyl is con- 
verted into indigo by oxidation, while isatin (acting in the pseudo-form) is 
converted by phosphorus trichloride into isatin chloride, which is reduced by 
zinc dust through a-ehloro-indoxyl to indigo. 

A comparatively simple synthesis is that of Camps." o-Nitro-aeetophenone is 
converted by a variety of reducing agents (stannous chloride and hydrochloric 
acid, aluminium amalgam,, zinc dust, &c.) into the corresponding hydrazo- 
compound, di-o-diaceto-hydrazobenzene : — 


(VCO-CH, 
U— NH— 


CH. 


CO-i 
NH- 


0 - 


When this is heated alone it is converted largely into indigo, together with 
various reduced decomposition-products. 

Another remarkable method^ starts with dibromo-maleic acid. If this is 
heated with aniline it gives dianilido -maleic anhydride. Sodium methylate 


^ a osr. ii. 939, 


2 Salmony, Sinjpnis, 3e, 2580 (1905). 
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converts this into its sodium salt, which, when fused with potash and sodamide, 

gives indigo : — > ^ 

■vmT 

BrC=C-Br 
COOH^^OOir' 





^ NaO-CO 

CO-ONa^ ^ 

^ CO CO ^ 


Commercial Synthesis of Indigo 

The most important synthesis of indigo still remains to be described. It is 
tHat by which indigo is now prepared on the large scale, and is known as 
Heumamife synthesis. In its original form aniline was condensed with chloraeetic 
acid to give phenyl-glycine. This, when treated with alkali or sulphuric acid, 
loses water and goes into indoxyl, which on oxidation yields indigo 

O-NH 2 -f- Cl-CHa-COOH Q-NH-CH.-COOH 

NH 

An important improvement was the substitution of anthranilie acid (o-amino- 
benzoic acid) for aniline. This is converted by the same series of reactions 
through phenyl-glycine-o-carboxylic acid into indoxyl-carboxylic acid. This 
body loses carbon dioxide to form indoxyl, which is oxidized as before to 
^indigo : — 

fY-COOH l^-COOH 

U-NH 2 \ Cl-CH^-COOH -> U-NH-CHs-COOH 
Anthranilie Phenyl-glycine- 

a-cid. o-earboxylic acid. 

^ 03cL-ooh ■* CC5h. 

NH NH 

Indoxyl- Indoxyl. 

a-carboxylic acid. 

Tbe following account of synthetic indigo is mainly taken from Brunch’s 
paper already referred to, and so represents the state of the industry in 1900. 

The commercial preparation of synthetic indigo* was, from the beginning of 
the aniline dye industry, an object of the researches of chemsts. But the earlier 
syntheses of indigo were useless from a commercial point of view ; and it was 
not till 1880, when Baeyer discovered the synthesis from o-nitro-phenyl-propiolic 
acid, that the question became one of practical importance. The first patent 
was taken out by Baeyer on the 19th of March, 1880. But it was only after this 
had been followed by nearly twenty years of continuous research that the f>resent 
process, covered by 152 patents in Germany alone, was arrived at, and the 
synthetic product obtained at a price which could compete with that of the 
natural indigo. 


03 ^ 

NH 
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By 1881 the synthesis from o-nitro-phenyl-propiolie acid was so far improved 
that indigo could be made at a cost not much greater than that of the natural 
product, and it was actually employed to a limited extent in cotton-printino'. 

In 1882 Baeyer’s method of preparation from o-nitro-benzaldehyde appeared 
This was an improvement on the older method, but only a slight one. Indeed' 
there was a fundamental objection to both of these methods which «iust in 
spite of an improvement in detail, have prevented them from becoming serious 
rivals of the natural process. They both start with toluene, and the supply of 
toluene is necessarily very limited, and so must have limited the supply of 
artificial indigo. Toluene is of course obtained entirely from the distillation 
of coal tar, of which the main product is benzene. The annual production of b€h- 
zene and toluene together amounts to 25,000-30,000 tons, which is almost wholly 
used for dyeing, and consists of only about one part of toluene to four of benzene. 
Thus only 5,000-6,000 tons are produced annually, which no more than suffice 
for the present demand. Any increase in this production must be accompanied by 
four times as great an increase in the production of benzene, and therefore by an 
enormous rise in the price of toluene, unless a demand could be created for this 
additional quantity of benzene. 

How, by the most recent and improved methods, 1 kilogram of indigo cannot 
be obtained from less than 4 kilograms of toluene ; and the annual consumption 
of indigo amounted, before the introduction of the synthetic compound, to 
5,000 tons. Thus the whole of the present production of toluene would only 
produce a quarter of the indigo consumed ; and in order to replace entirely the 
natural by the artificial indigo it would be necessary to produce five times as 
much toluene as is now prepared, and hence to increase the annual production of 
benzene by at least 80,000 tons, for which there is no demand. '' 

It was therefore evidently necessary to find some other source for indigo ; 
and so the problem entered on a new stage when, in 1890, Heumann discovered 
the synthesis from phenyl-glycine. The raw materials required for this were 
aniline, acetic acid, chlorine, and alkali, which could all be obtained in any 
quantity. But the yield by this method was small and the cost great ; and it 
was not until Heumann discovered that the substitution of anthranilic acid for. 
amlme gave a much better yield, that the method could be used on the large 
scale. Then, indeed, the problem was in outline solved. But it still required 
seven years of unremitting labour, taxing the utmost resources both scientific 
and technical, in inorganic as well as organic chemistry, of the two greatest dye 
factories in the world, before the details of the process could be sufficiently 
improved to adnrit of competition with the natural product. It is extraordinary 
to see what a wide range so apparently simple a process covers, and how the 
latest refinements in the most remote fields of chemical industry have to be 
called in in order to perfect it. ^ 

Heumann’s improved synthesis of indigo begins with the condensation of 
anthr^ihc with chloracetic acid to phenyl-glycine-o-carboxylic acid. The first 
condition of success was the cheap production of anthranilic acid from some 
substmee which could be obtained in sufficient quantity. We need only 
consider tte process which was ultimately adopted. This starts with naphtha- 
lene. This m itself was an enormous impiwvement on the older methods. 
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Naphthalene may be obtained in any quantity at a very low price. The amount 
of coal tar annually worked up for hydrocarbons (about two-thirds of the total 
production of coal tar) contains from 40,000-60,000 tons of naphthalene It had 
long been a problem to find some use for the large quantities which are formed 
as a by-product m making benzene and toluene. It had been used to a small 
extent fer increasing the illuminating power of coal gas (as ‘albocarbon ’) and 
there had been in recent years an increasing demand for it as a source of the’ new 
naphthalene azo-dyes. But the amount so employed was extremely and 

the greater part was used for purposes which returned only a minute profit 
such as burning to make lampblack. The total quantity of naphthalene which 
was isolated annuaUy was not more than 15,000 tons. There remained, there- 
fore, the difference of 25,000 tons, at the lowest estimate, which could be isolated 
at the same price as that already on the market ; and this was more tlan enou<^h 
to supply the whole of the world’s consumption of indigo. 

Anthianilic acid is obtained from naphthalene through phthalic acid. This 
is converted into phthalimide, which, on treatment with chlorine and potash, 
goes, by a modification of Hofmann’s reaction, into anthranilie acid. The 
reaction is most easily expressed if we suppose the phthalimide to act as the 
monamide of phthalic acid : — 



CO-NHa 

CO-OH 


n-CO-NHCl 

U-COOH 


^-N=C=0 

U-COOH 


U-COOH ^ 


CO, 


The first problem was the oxidation of naphthalene to phthalic acid. The 
older method of using chromic acid was too expensive, and it was discovered that 
^the oxidation could be performed by heating the naphthalene with sulphuric 
acid containing a high percentage of sulphur trioxide. But this would only be 
economical ifisome cheap method were found for preparing this acid, and for 
converting the sulphur dioxide which is formed in the reaction back into the 
trioxide. Such a method was the (then) new contact process of the Baden 
works, which is probably destined to supersede entii-ely the old lead-chamber 
process. This consists, of course, in mixing the gases from the pyrites burners 
with ail*, and passing them (after due purification) over platinized asbestos at 
a suitable temperature, whereby the sulphur dioxide combines with the oxygen 
of the air to form sulphur trioxide, which is absorbed in strong sulphuric acid. 
By this means it was easy, not only to prepare the original acid, but also to 
reoxidize the dioxide formed in the oxidation of the naphthalene. The process 
is in fact reduced to a cycle. The sulphur dioxide^takes up the oxygen of the 
air and passes it on to the naphthalene. The importance of carrying on this 
cycle economically is shown by the fact that the annual production of phthalic 
acid leads to the formation of 35,000-40,000 tons of sulphur dioxide. If no sub- 
stitute for the lead-chamber process had been discovered, it would have been 
impossible to produce indigo at a sufficiently low price to compete with the 
natural dye. ^ 

It is interesting to notice that the discovery that the addition of niercuric 
sulphate greatly facilitates the oxidation of the naphthalene by the sulphur tri- 
oxide was due to an accident. In one experiment the vessel in which the 
oxidation was being carried on^contained an iron cup filled ’Vv'ith mercury (no 
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doubt holding a tbermometer). This was eaten through by the acid mixfcurey 
which came in contact with the mercury, and the yield was fomd to be^niuch 
increased. This catalytic influence of the mercury, which occurs in other cases 
of sulphonation as weU,^ is remarkable, and a yery probable explanation of it has 
been given by Bimroth.^ He has shown that if a mercury salt is heated with 
an aromatic derivative, a compound is formed in which one hydrogen^^'on the 
ring is replaced by mercury. This substitution is quite peculiar in that the 
position taken up by the mercury is not determined by the substituent already 
present : it is always ortho. Now it is found that if benzoic acid is sulphonated 
in the presence of mercury, the amount of meta and para acids produced is the 
same as if the mercury were not there ; but in addition a considerable quantity 
of the o-sulphonic acid is formed, which is not obtained at all in the absence of 
mercury. This shows that the catalytic influence of the mercury is due to the 
formation and decomposition of a mercury derivative, as it introduces the 
sulphonic group at the position which the mercury (but no other substituent) 
would occupy. 

The anthranilic acid having been obtained, it has to be combined with 
chloracetic acid : it was therefore necessary to improve the methods for pre- 
paring the latter. Acetic acid is, of course, easily obtained by the distillation 
of wood. Every year two million kilograms ^ of acetic acid are used for making 
indigo, and this quantity is got from more than 100,000 cubic metres of wood. 
In order to chlorinate this a large and cheap supply of fairly pure chlorine 
is required ,• and chlorine is also used for an earlier stage of the synthesis, the 
conversion of phthalimide into anthranilic acid. The ordinary processes for 
preparing chlorine were not found to be satisfactory ; Weldon's was too expem ^ 
sive, and Deacon's gave too dilute a gas. The electrolytic method of preparation 
was finally adopted, but even here the gas required to be further purified by 
liquefaction. 

In this way the process of manufacture of synthetic indigo was ultimately 
perfected, and the cost of production reduced to (it is believed) less than a 
quarter of that of natural indigo. 

A brief recapitulation of the method may be useful. 

Naphthalene, obtained from coal tar, is oxidized to phthalic acid by heating 
with fuming sulphuric acid prepared by the contact process. The sulphur 
dioxide which is given off in this reaction is reconverted into sulphur trioxide 
by the same process. The phthalic acid is converted into phthalimide, and this 
by treatment with chlorine '"and soda (Hofmann's reaction) into anthranilic acid 
(o-amino-benzoic acid^. The anthranilic acid is then condensed with chloracetic 
acid, which is made by chloi'inating acetic acid obtained by the distillation 
of wood with chlorine produced by the electrolysis of sodium chloride and 
purified by liquefaction. The phenyl-glycine-o-carboxylic acid so obtained is 
fused with potash, which gives first indoxyl-carboxylic acid and then indoxyl. 
On treating the fused mass with water anfi exposing it to the air, the indoxyl 

^ e. g. anthraqmiione, G. 04. ii. 761 ; 05. ii. 864. 

^ ® Dimroth, v* Schmaedel, Ber. 40. 2411 (1907). 

^ In 1900 : the amount must now b<?^ar greater. 
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is oxidized to indigo. The more important stages are given in the following 
formulae : — ^ 


00 




0 


rVcooH r-r 
U-NH, U- 


COOH 


a 


NH 


NH 


T 

'CH, 


COOH 

NH-CHs-COOH 



NH NH 


The advances which have been made in the preparation of synthetic indigo 
since the publication of Brunch’s paper (1900) are not of a fundamental character. ‘ 
Eeumann’s synthesis still holds its own, though it has been considerably 
modified, and there are now several rival processes in the field. 

The earlier stages of Heumann’s synthesis have not been altered, and are in 
fact very satisfactory as they stand. In the conversion of phthalimide into 
anthranilic acid two intermediate compounds have been isolated.^ The first 

action of the chlorine is to form the imido-chloride, Q~^q^N-C 1, and this is 
converted by the alkali into ; but nothing appears to be known as 


to Ilow this change takes place. 

/ The conversion of the anthranilic acid into phenyl-glycine-o-carboxylic acid 
, by means of ehloracetic acid gives unsatisfactory results, partly owing to the loss 
of carbon dioxide, and partly owing to the formation of the diacetic acid deri- 

0 — GOOH 

-N(CH 2 *C 00 II) 9 ‘ avoided by not condensing the free 

acids but their alkaline salts, which are found to react completely in aqueous 
solution at 40*^ ; and the product, the acid salt of phenyl-glycine-carboxylic acid, 
being only slightly soluble, crystallizes out, and so is removed from the further 
action of the ehloracetic acid. Although the yields obtained in this way are 
very good, an even better method has been worked out by Bender, which is 
based on Miller and PlochFs * reaction of the anhydro-bases with formaldehyde 
and prussic acid. If the hydrochloride of anthranilic acid is treated in aqueous 
solution first with potassium cyanide and then with formaldehyde, the nitrile 
of phenyl-glycine-carboxylic acid separates out : — 


fi Tqr /GOOH ppr Q p -rr /COOH TTPIV ^ H TT /^^OH 




The simple nitrile of phenyl-glycine, 0-!N‘H-CH2'ON, can be made in the same 
way by treating aniline with prussic acid and formaldehyde. In both cases the 
yield is very good, and the nitriles are easily saponified. 

Of recent years, an increasing use has been made of the original form 
of Heumann’s synthesis ; starting with aniline instead of anthranilic acid, and 
going through phenyl-glycine itself, instead of its carboxylic acid. The aniline 
and ehloracetic acid are allowed fb react in the presence of ferric o^de,^ the 


^ For an account of the development of this industry up to 1904 see Keissert, Zeii, f. angew, 
Oliem. ly. 482. 

» Bredt, Hof, Ben 33. 24, 27 (1901J). 


3 Ben 25 . 2020 (1892). *** C. 06 . ii. 1746. 
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glycine being thus removed as the insoluble ferric salt, and so protected from 
further action. TSe glycine can even be prepared by heating nitrobenzene with 
iron and chioracetic acid.^ 

For the condensation of the glycine to indoxyl derivatives Heumanii uses 
potash fusion. The conversion of phenyl-glycine-carboxylic acid into iiidoxyl- 
earboxylic acid requires a temperature of 240-280°, and the yield, though fair, 
is not nearly quantitative. The analogous conversion of phenyl-glycine into 
indoxyl requires a higher temperature (300-350°), and the yield under ordinary 
circumstances is very small. It was this fact which prevented the method 
from being adopted at first. A large number of suggestions have been made 
for the improvement of the process, of which perhaps the most important 
is the addition of sodamide. In the presence of sod amide phenyl-glycine can 
be converted* into indigo at a temperature of 180-240°, and the yields are much 
better. The sodamide is prepared by passing ammonia through liquid sodium. 
Its action is so energetic that it must be diluted with potash. The water 
evolved in the reaction liberates ammonia, and so the necessity of employing 
special means to exclude atmospheric oxygen is avoided. In this way it is 
possible to start with benzene, which, like naphthalene, can be obtained cheaply 
in any desired quantity. The sodamide is, of course, expensive ; but in spite 
of this the method is used on the large scale by the Hochst dye works, while 
the Badische at Mannheim still keeps to Heumann’s method, employing at 
the same time to some extent Bender’s synthesis with formaldehyde and 
prussic acid. 

Other suggestions for improving the yield in the potash fusion are the 
addition of alkaline earths,® of sodium oxide, ^ of magnesium nitride,*^ or of 
calcium carbide.® In all these cases the real point appears to be to secure 
the absence of water throughout the reaction. Instead of potash it is of 
advantage to use a mixture of potash and soda in molecular proportions, 
on account of its lower melting-point. It is also found that the yield is 
increased if ammonia is passed over or through the fused mixture ® ; other gases 
such as hydrogen, nitrogen, coal gas, or the vapour of hydrocarbons may be 
used instead with the same results.^ 

An essentially new and practicable synthesis has been published by Sand- 
meyer.® He starts with thiocarbanilide, which when warmed in aqueous 
alcohol to 50-60° with potassium cyanide and white lead (basic lead carbonate) 
loses hydrogen sulphide to form carbo-diphenyl-imide, which then adds on 
prussic acid: — 

If the product is treated with yellow ammonium sulphide for two days at 
25-85° it is converted into the thio-amide, . This thio-amide 

1 a, 06. ix. 1700. 2 0. i. 383. ^ qq ^ 5 ^ 4 ^ 

^ 0. 06. i. 617. ® Ibid. 6 Q. 06. i. 618. 

e. 0 * 7 . l€iZ5, 519. 8 Zeii, Warb, u, 2 . 129 (1903), 
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is then heated with concentrated sulphuric acid at 95-110° till no more sulphur 
diozide is evolved, whereby a-isatin-anilide is produced : — ^ 

+ H2SO4 = 0\^C=]N'-6 + + HoO + S. 

NH 

The a-isatin-anilide, when heated with dilute mineral acids, splits up into aniline 
and isatin, while on warming with yellow ammonium sulphide it is readily 
I’educed to indigo. In practice the solution of the anilide in concentrated 
sulphuric acid is allowed to flow directly into water, simultaneously with a 

„cf2lute solution of sodium hydrogen sulphide. cc-Thio-isatin, Q''^H/CJS,is pre- 
cipitated ; and this when treated with alkali or alkaline carbonate gives a 
mixture of indigo and sulphur. ^ 

This synthesis of indigo is somewhat complicated ; but the yields at each 
stage are so good, and the original materials so cheap, that it is quite possible 
that it may become a serious rival to the Heumann process. 

The introduction of artificial indigo at first met with various difficulties, the 
chief of which was, as Brunck points out, that the general public are quite 
incapable of understanding what is meant by a chemical individual. They could 
not realize that the synthetic and the natural products were (except for the 
impurities of the latter) identical, and insisted on regarding the one as an inferior 
substitute for the other. But these objections are rapidly disappearing. The 
synthetic indigo is purer than the natural, and of far more constant composition, 
which makes it much easier to use ; and above all its cost price is far lower. The 
^annual value of the indigo produced in India before 1897, when the first artificial 
indigo was placed on the market, was about three millions sterling. By 1902 it 
had fallen to 8ne and a quarter millions. This was partly due to a decrease in 
the amount produced, but largely to the remarkable fall in the price. The price 
of indigo before 1896 was about £600 per metric ton. By 1900 it had fallen to 
£250, and by 1905 to £115. These latter figures refer to the synthetic product: 
the natural is still somewhat more expensive. This great fall in price has 
naturally led to a great increase in consumption ; and the decrease in the produc- 
tion of the natural dye has been far more than counterbalanced by the enormous 
increase in the manufacture of the artificial. In 1900 the world’s production of 
indigo was about 5,000 tons ; in 1905 the amount exported from Germany was 
over 11,000 tons, to which the still considerable Indian production has to be 
added, as well as the consumption within Germany* itself. The whole amount 
cannot fall far short of 20,000 tons. 1 


Before we leave the subject of indigo, it is interesting to notice the scientific 
advances, both theoretical and practical, which arose more or less dii*ectly through 
the investigation of the constitution and syntheses of the compounds of this group. 

The method of reduction by passing the vapour of the substance ovef heated 
zinc dust was discovered by Baeyer in 1866 in his endeavours to reduce oxindol 
to indol ; it immediately afterwards led Graebe and Li^bermann to the synthesis 
of alizarine, and has subsequently been most widely extended. 
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Another very important method of reduction —the use of sodium and boiling 
amyl alcohol — was invented by Baeyer in 1879 for the reduction of dichlorindol 
to indol at a lower temperature than that required by the zinc method, in order 
more completely to exclude the possibility of intramolecular change. 

Again, to take theoretical questions, it was from the study of the ring- 
formation in the syntheses of the indol derivatives that Baeyer came to the con- 
clusion, in 1880, that such closing of the ring only occurs when by its means 
a ring of either five or six atoms is produced ; and it was in the development of 
the views thus originated that he was led to formulate his theory of strain 
in 1885. 

Finally, his investigation of isatin revealed, in 1882, three years before tlfe* 
first of Laar's classical papers appeared, one of the earliest clearly recognized 
cases of tautomerism ; and it was in connexion with this that he gave, in 1883, 
the first distinct expression of his view that the peculiar behaviour of a tautomeric 
substance is due to the mobility of a hydrogen atom which can migrate, according 
to circiunstances, from one position to another ; whereas in its two stable series 
of derivatives this hydrogen atom is replaced by other and heavier groups, which 
do not possess the same mobility. 
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e-KINGS: C^N 

Of these bodies, as of the b-rings, only a single class will be discussed, the 
, derivatives of a ring of five carbon atoms and one nitrogen, comprising the 
pyridine, quinoline, and isoquinoline groups. 


1. PYEIDIITE 


The discovery of pyridine is due to Anderson, who in 1845-51 succeeded in 
, isolating it from bone oil, together with picoline (methyl-pyridinej and lutidine 
(dimethyl-pyridine) : the three names were invented by him. The pyridine bases 
have since been found to occur in the products of distillation of almost all kinds 
of nitrogenous matter, and the source from which they are now usually prepared 
is coal tar. It is to be noticed that their formation from animal matter requires 
the presence of unsaponified fats. If the fats are removed, pyrrol compounds are 
formed, but no pyridines ; while if free fatty acids are present, they are converted 
into the corresponding nitriles. It would seem therefore that the production of 
^ pyridine derivatives only occurs in the presence of glycerine. This is converted 
at the high temperature into acrolein and similar aldehydes, which combine 
with the ammonia formed from the nitrogenous matter (gelatine, &c.) to give 
pyridine bases. 

As regards the formula of pyridine, we have as usual two questions to con- 
sider. It is easy to show that it contains a ring of five carbons and one nitrogen, 
with one hydrogen on every carbon ; but this leaves six valencies to be accounted 
for, about which there has been much dispute. 

In 1869 Korner proposed for pyridine a formula, 


CH 

CH OH 

\k/ 


which is that of benzene with one CH replaced by N. Whether this is correct 
as to the six extra valencies or not, it certainly is so as to the arrangement of the 
atoms. The various pyridine syntheses afford many proofs of this : the simplest 
and most important is given by the preparation from pentamethylene-diamine. 
The hydrochloride of this base or» heating loses ammonium chlorid^to give 
piperidine, whose formula is thus established : — 




/CH,-CH2\ 

CH, ■ yim + NH^ci. 
\CH,-CH, 
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Piperidine is readily oxidized (by beating with concentrated sulphuric acidj 
nitrobenzene, or silver acetate) to pyridine, which thus must have the arrange- 
ment of atoms which Korner supposes. 

Corner’s formula obviously corresponds to Kekule’s benzene formula ; and, 
as with benzene, a variety of other arrangements of the six internal valencies 
have been suggested. Eiedehs, in which the nitrogen is united to three different 


carbon atoms, 




is supported by a certain amount of evidence, especially 




by the various reactions and syntheses of acridine (which is undoubtedly dibenz^- 
pyridine), which point to para-linkage : in particular by its formation from 
forinyl-diphe?aylamine : — 

0==CH 


H 


H 


\/\ 




I f 

r/\/ 


\/\W 

Formyl-diphenylamine. Acridine. 

This peculiarity of acridine is exactly parallel to that of anthracene, where the 
same question of para-linkage arises. And therefore as with benzene we accept 
Kekule’s structure, so with pyridine we may take KornePs as the most probable : 
in both cases with Thiele’s interpretation. 

The equivalence of the a- and a'-positions in p3n*ldine has been proved (if the 
proof is of any value) by synthesizing a-phenyl-a'-tolyl and a-tolyl-a'-pheny^ 
pyridine, which were found to be identical.^ 

The syntheses of pyridine derivatives are numerous. The following ar( 
among the most important: — ^ 

Aldehyde ammonias condense with themselves or with other aldehydes or 
ketones thus : — 


CHo.CHO H. 




CH 

0 CH3 


HCO 


H,N 


/ 


CH-CHo. 


= 4H,0 + 


H 

C 

/X 

CHo-CH,-C CH 
^ “ I II 

HC CCH, 




the product being a-methyl-/y-ethyl pyridine, known as aldehyde colUdine. 

A similar reaetioi?- is the formation of pieoline. by the condensation of 
glycerine with ammonia, to which its production in the dry distillation of 
animal substances is no doubt due. The glycerine first gives acrolein : — 

OHO CH 


CH, 


CH- C-CH, 


CH^CHj, 

CHO 

NHa 

Scholtz, Wiedemaam, Her. 38. ?45 (1903) 


CH CH 


+ 2 H, 0 . 
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Secondly, there is Hantzseh’s synthesis from /S-diketo-compounds or ketonic 
esters with aldehydes and ammonia. This gives dihydro-pyridine derivatives : 
e. g. dihydro-eollidine dicarboxylic ester from acetaldehyde and acetoaeetie ester.' 
The reaction has been fm-ther investigated by Knoevenagel,^ who finds that it 
takes the following course. The aldehyde and the ammonia combine to form 
aldeh^^e ammonia ; this reacts with a molecule of acetoacetic ester to form 


ammonia and ethylidine acetoacetic ester, 


CH,.CO-C-CO,Et 
II ® 
CH-CH,- 


The ammonia then 


acts on another molecule of acetoacetic ester, forming /3-amino-crotonie ester 
CHa-C^CH-COaEt 

* • Finally, one molecule of each of these products condenses 

to give the dihydro-collidine derivative : — 


CH;, 

CH 

/ 


COaEt-C' 
CH3-C=0 


H-C-CO,Et 

II 




C-CH., 


CH., 

I ■■ 

CH 

COoEt-C C-COoEt 
II II “ 
CHvC C-CH, 


-f HoO. 


NH 


This is the reaction which occurs when the acetoacetic ester is in excess ; but 
a different, though similar, product is obtained if the aldehyde is in excess. In 
this case an unreduced pyridine derivative is formed. The simplest explanation 
is that two molecules of aldehyde condense with one of acetoacetic ester and one 
of ammonia to a dihydro-compound, and then this is oxidized by excess of 
* aldehyde to a simple pyridine : — 




CHvCHO 


-f- NH. 


/ 

H-CH=CH 


OH 


(pO^E 

C==C-CH3 

ch.-cIe "nh 

'^H=CH 


m 


E 


C C-CH, 

^ \ ' 
N 


s. CHs-C 

"oh=c'h 

a-y-dimethyl-pyrxdine- 
/3-ljarboxylic ester. 


A remarkable synthesis has b^en discovered by E. v. Meyer/ which starts 
from the so-called benzo-aceto-dinitrile. This is an nnsaturated amino-nitrile 
formed by the addition of benzonitrile to acetonitrile under the influence of 
sodium (by a sort of polymerization). It will condense with acetoacetic ester in 


1 Ber, 31. 745 (1898); cf. Beyer, Ber, 24. 1665^(1891). 

2 e, 05. i. 262. 


r 
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presence of hydrochloric acid to give a cyan-hydroxy-pyridine (or, in the tauto- 
meric form, pyridoife) : — 

EtO-CO /X® 

CN-C-H ILCH ^ CN-C^^H G»-C CH ' 

0-Cv 0=:C-CH3 ” ^•C^^C-CHg <pA ■ C-CIJs' 

The synthesis from pentamethylene-diamine through piperidine has already 
been given ; and also that from potassium pyrrol and chloroform or methylene 
iodide. t 

The pyriiJine bases are colourless liquids of peculiar smell. Pyridine itself is 
miscible with water, but the higher homologues rapidly become less soluble, and 
are generally more soluble in cold water than hot. 

Pyridine boils at 115*2° It is a weak base of about the strength of aniline^ ; 
but it is much stronger than pyrrol, and forms fairly stable salts. It is not „ 
unfrequently used in order to bring about reactions which involve the separa- 
tion of hydrochloric or hydrobromic acid, the reaction being sometimes carried 
out in pyridine solution. It would seem that this action does not merely depend 
on the basic character of pyridine ; but it is not properly understood.® Thus it 
has been used for benzoylation ® ; the benzoyl chloride is dissolved in pyridine 
(which causes great evolution of heat, suggesting the formation of some com- 
pound), and the amine, amide, or alcohol is added. Again, pyridine (or quinoline) 
wiU remove hydrobromic acid, for example, from bromo-succinic ester, giving ^ 
fumaric ester * ; and this has the advantage over the use of alkali that the ester 
group is not saponified. Pyridine forms an efficient carrier in the chlorination 
and bromination of aromatic hydrocarbons,® and it also acts as a catalyst (as 
does quinoline) in promoting both the Claisen reaction and the formation of 
Orignard’s reagent.® 

As we should expect from the formula, the derivatives of pyridine exhibit the 
aromatic character in a very high degree. This is shown even in their physical 
properties — the small molecular volume and the high refractive power — and also 
in their very remarkable stability. Pyridine is even more stable than benzene. 

It resembles benzene in not being oxidized by chromic acid or fuming nitric 
acid ; and that it is still more stable than benzene is shown by the fact that 
when phenyl-pyridine is oxidized, it is the benzene and not the pyiidine nucleus 
that is destroyed, the product being pyridine carboxylic acid. 

It has recently been found, however, that the pyridine can be broken between 
the nitrogen and the carbon by several somewhat unexpected reagents: for 
example, by dichloro-nitrobenzene (Zincke), by cyanogen bromide (Konigs), and, 

^ Conafam, White, Am. Ch. J. 29. 1 (C. 03. i. 523;. 

2 Cf. Eckstein, Ber, 39. 2135 (1906). 

- Ereundler, C. B. 136. 1553 ; 13*7. 712 ; Bull. Soc. [3] 31. 616 (1903, 1904). 

« Dubreuil, C. B. 139. 870r(C. 05. i. 25). s Cross, Cohen, Proc. C. S. 24. 15 (1908). 

® Tingle, Gorslinef^m. Ch. J. 3^r. 483 (<?. 07. ii. 30), 
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what is more remarkable, by sodium 
compound being formed in this case.^ 


bisulphite, an intermediate addition- 


As in the benzene series, the homologues of pyridine are easily oxidized by 
strong oxidizing agente (especially potassium pei-manganate), the side chains 

whatever their length, being converted into carboxyl. ' 

Almost the only reactions of which pyridine is capable are substitutions, and 
these occur less readily than with benzene. The halogens substitute more or 
less easily, sulphuric acid only at a high temperature, and nitric acid usually not 
at ^11. Marckwald " has advanced a theory to account for tWs latter phenomenon 
as weU as certain other peculiarities of pyridine. He points out that a nitro<.en 
. ^om in a ring is able to behave under certain circumstances as a stron" ly 
negative group. For example, tetrazol, “ 


HN. 

HC 


-N 




is an acidic compound which reddens blue litmus. This is not necessarily in- 
compatible with the nitrogen also possessing basic properties, i. e. the power of 
becoming pentad. In the compounds in which it remains triad and exhibits its 
negative character, it behaves like a carbon atom in the benzene ring attached 
to a strongly negative substituent, e. g. C-lSrO^. Thus, if pyridine is substituted 
the substituent takes up the /i-position, as nitrobenzene gives meta-di-derivatives. 

Again, in the chloro-pyridines we find the a- and y-chlorine extremely mobile 

easily replaced by NHg as in o- and i)-chloro-nitrobenzene, whereas in / 3 -chloro- 
pyridine, as in M-chloro-nitrobenzene, it is very firmly attached : — 



Cl 


Cl 

/\ ^ 

A 

/\ 

/\ 

\^-Cl 

] 

Y 

\ /-Cl 

\n/ 

NO, 

NO, 



ortho 

para 

C£- 

7- 


Labile. 



Y-ci 

1 

V 

1 

\|q-/ 

NO, 


meta 

/3- 


Stable. 


Again, the repellent influence of this negative nitrogen explains why it is so 
difficult to introduce into pyridine negative substituents like SO 3 H and NOg. 
But if the acidifying influence of the nitrogen is diminished by the introduction 
of a basic group, nitration becomes possible ; amino-pyridine can be nitrated 
directly. This, however, is a general characteristic of aromatic NHg. 

Although pyridine is so stable a compound it is comparatively easily reduced. 
When treated with sodium and alcohol in the cold, it takes up six hydrogen 
atoms and forms piperidine. Heri&, again, we may compare its behaviour with 
that of certain negatively substituted benzenes, namely, the carboxylic acids, 
which can easily be made to take j|;ip two or four hydrogen atoms in the cold. 
On the other hand, it is remarkable that if the vapour of pyridine m!!^ed with 
hydrogen is passed over heated nickel, no piperidine is formed at any tempera- 


te 

2 Ber. 26 . 2187 (1893>; 27 . 1317 (1894). 


.Buohei-er, Schenkel, Ber. 41 . 1346 (1908). 
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tiire.^ Below 220"^ normal amylamine is produced ; while above 220° the 
nitrogen is split off from the carbon in both sides, with the formation of 
ammonia and pentane. The absence of piperidine is due to the fact that the 
reverse action takes place much more easily : if piperidine vapour is passed over 
heated nickel it breaks up into pyridine and hydrogen. 

Pyridine is also capable of addition to the nitrogen, which becomes fentad. 
The pyridine compounds are, as has been pointed out, moderately strong bases, 
though weaker than the reduced compounds, such as piperidine. They form 
fairly stable salts with one equivalent of acid, and also characteristic gold and 
platinum double salts. They further combine directly with any metallic salts 
in the same way as ammonia. 

They are also able to add on alkyl iodide to form the pyridinium derivatives, 
which undergo three remarkable changes. On heating, the alkyl group migrates 
to the a- or y-position on the ring, as in Hofmann's aniline reaction, where the 
0 - and p-positions are taken up : — 

CH, 


/\ 

/\ 

I 


/ \ 
CH. I 


or 

.X 

H I 


On treatment wnth silver hydrate the pyridinium iodides yield strongly basic 
h 5 ^droxides (resembling the quaternary ammonium bases), and when these are 
warmed the oxygen migrates to the carbon. The reaction is complicated, but 
apparently gives a diliydro-pyridine and a pyridone;— 


H 

h/\.H 


H-l 




I-H 


/ \ 

CH.) OH 


H 

H 


h/\h 


r 


H\ >0 


CH;, 

CH3 





This behaviour is common with hydroxyl attached to doubly linked pentavalent 
nitrogen ; as we have seen in the triphenyl-methane dyes, and the diazonium 
hydroxides. The quaternary bases formed by the addition of methyl iodide to 
cc- or y-aikyl pyridines, which, like the others, are colourless, when treated, with 
soda lose hydriodic acid and are converted into bright yellow so-called pyridane 
compounds.® On dilution, of on dissolving the compound in pure water, the 
colour disappears ag<tin ; water is added on and the quaternary hydroxide 
formed : — 


/ \ 

CH;, I 

Colourless. 


A ^ 


■ 1 




CH 3 

cH.'bn 

Yellow. 

Colourless. 


<!>■ 


^ Sabatier, IL 144. 784 (O'. OV. ii. 73). ^ 2 


Decker, Bar, 38. 2493 (1905). 
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This curious reaction, with its characteristic change of colour, also occurs in the 
quinoline and isoquinoline series, and in compounds in wUich.the nitrogen is 
replaced by oxygen or sulphur, such as the xanthones and thio-xanthones. 


The determination of position among the pyridine derivatives is carried out 
as follows: The mono-derivatives (omitting the N-compounds, which obviously 
belong to a different class) are of three kinds, a-, /3., y., as required by the 
formula. The position is determined by reference to the three monoearboxyh'e 
acids, which are known respectively as picolinic, nicotinic, and isonicotinic acids, 
and whose constitution has been made out by Skraup. The starting-point is the 
.raphthoquinolines, which are obtained bya modification of the well-known Skraup 
synthesis of quinoline— from a- and ^-naphthylamine respectively. This reaction , 
the details of which will be discussed later, consists in condensing an aromatic 
amine with glycerine, the 3-carbon chain joining up with the nitrogen of the 
NH 2 to form a 6-ring. Since both a- and ^-naphthylamine give in this reaction 
compounds undoubtedly containing a pyridine nucleus, there can be no doubt 
jibout their formulae : — 


/\/\ /\/\ 


NH* I 

N 

a-naphthyl- a-naphtho- 

amine. quinoline. 


/\/COOH 
I COOH 
\/\/\ - 


/\ 

\/\/\ 


K) 


C02H-,/\. 

V 


Picolinic 
acid, (a-) 




/:?-naphthyl- 

amine. 


/\/\ 


/\ 


\J 

/3-naphtho- 

quinoline. 


■COOH 


COOH 

■y 



Nicotinic 
acid. {/3-) 


On oxidizing these two naphthoquinolines. they both split the middle ring 
to give phenyl-pyridine dicarboxylic acids, which lose two molecules of carbon 
' dioxide to form phenyl-pyridines. ilSTow it is obvious from the formulae that 
a-naphthoquinoline must give a-phenyl-pyridine, and the yS-compound j3-phenyl- 
pyridine. Finally on oxidation the^phenyl group is destroyed, only carboxyl 
remaining. Hence we know that the resulting pyridine monocarboxyUc acids 
must be a- and respectively. And it is found that the acid obtained from 
a-naphthylamine is picolinic, which must therefore bc» the a-, and that from 
jS-naphthylamine, which must bp the /3-, is nicotinic. The third acid, isonico- 
1175 ^ c c 
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tinic, which is got from the third isomeric phenyl-pyridinoj must therefore 
be the y-carboxylic acid : — 

COOH 


a% 

. /-COOH 


/\-COOH 


Nicotinic. 


A 


y- 

Isonic^tiiiic. 


A rather neater method of orienting these acids depends on the following 
reactions. Quinoline and isoquinoline, whose formulae are proved by their 
syntheses, both give on oxidation dicarboxylic acids of pyridine. Quinoline 
gives quinolinic acid, which thus has the carboxyls in the a- and /3-positions,* 
and isoquinoline gives cinchomeronic acid, where the positions must be 


/\/\ 


\^t/-COOH 


/\/\ 

\/\/ 


I'^-COOH 
^^-COOH ' 


Quinolinic 
acid (a, 13), 


Cinchomeronic 
acid (13, y). 


Both these acids can be made by heating to lose one molecule of carbon dioxide, 
leaving monocarboxylic acids. Quinolinic gives only one such acid, nicotinic, 
and cinchomeronic a mixture of nicotinic and isonicotinic. Hence nicotinic 
acid, which is given by both, must have the carboxyl in the position common 
to both, that is, the /3-position. Isonicotinic acid, on the other hand, must retain 
the other carboxyl of cinchomeronic acid, that is, it must be the y-acid. 

The orientation of the di-substitution-products of pyridine is <fixed by refer- 
ence to the six dicarboxylic acids, whose constitution has been determined by 
Ladenburg by a similar method. 

It is remarkable that while the carboxylic acids of i>yridine and quinoline, 
and their esters, amides, and nitriles, resemble the corresponding derivatives 
of benzene, the acid chlorides are quite different. They do not dissolve in 
organic solvents except when they react with them, their melting-points are 
very high, lying near those of the hydrochlorides of the acids, and they are 
marked by great stability and the absence of smell. These peculiarities suggest 
that they ai^e really polymers of the acid chlorides ; but as no solvent can be 
found in which to determ^e their molecular weight, this question cannot 
be settled.^ 

The amino-derivatives of pyridine have a somewhat singular behaviour. 
The a- and y- may be obtained, as we have seen, by treating the corresponding 
chlorine compounds with ammonia. The ^/3-derivative cannot be prepared in 
this way, as the chlorine is too firmly attached. It is therefore necessary to use 
an indkect method, that by which the ^ino-pyridines were first obtained. 
This is by means of the Hofmann reaction, the amide of nicotinic acid being 
converted by bromine and soda into /3-amino-pyridine : — 
r . 

^ ^ H. Meyer, Ber, 38, 248g (1005). 
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The y3-amino-compoiinds, in which, as in the meta- derivatives of nitroben- 
zene, '?iie negative influence of the nitrogen on the NH 2 is least, behave, as is to 
be expected, like aromatic amines ; they give with nitrous acid diazo-compounds, 
which form diazo-amino-bodies and azo-dyes. But the behaviour of the a- and 
y-amines is peculiar. In dilute acid solution nitrous acid has no action on them 
at all. In concentrated sulphuric acid they can be diazotized, but the diazo- 
’ &mpounds cannot be isolated ; if the sulphuric acid solution is poured on ice, 
the diazo-nitrogen is evolved quantitatively, and the oxy-pyridine formed : — 

1 /\ 




l-NH, 


l'Xn/ 




Xj^/ 


!-OH 


Of the reduction-products of pyridine the most important is piperidine or 
hexahydropyridine, 

CHa CH/ 

im 


It is to be noticed, however, that in this series the tendency to form the hexa- 
* hydro-compound on reduction is less marked than usual. Thus it is much 
easier to obtain the di- and tetrahydro-corapounds directly than with the benzene 
derivatives, where it is scarcely possible to stop short of complete reduction. 

Piperidine is a colourless liq^uid boiling at 106°, which is miscible with water. 
It can be obtained from pepper, whence the name. Its formation by heating 
the hydrochloride of pentamethylene diamine (or €-chloramyIamine) has ah-eady 
been mentioned, and also the ease with which it can be oxidized to pyiidine. 
It is a strong base. The ring is weakened by the reduction,' and can be broken 
by a variety of reagents. Thus oxidation with hydrogen peroxide converts 
it partly into glutaiimide (to which it bears the same relation as tetrahydro- 
pyrrol to succinimide) and partly to S-amino-valerianic aldehyde : 


CH, 


CH, CHO 

Xh, 

6-amino- 

valerianic 

aldehyde. 


OH2 . 

CHa CHa CO ^CO 

NH 

Piperidine. Glutarimide. 


> The same is the case with the tetrahydro-derivatives, Cf. lipp, Widnmann, Ber. 38 . 24/1 
■Wallaeh, ibid. 2803 (1905). 
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ALKALOIDS 

Among the compounds of the pyridine group which are found in nature are 
several important members of the class of alkaloids. The all^aloids are defined 
by Ladenburg^ as ^ those naturally occurring vegetable substances of basic 
character which contain at least one nitrogen atom forming part of a netero- 
cyelic ring’. These bodies ^ are of great interest from many points of view, and 
especially as providing examples of the methods used in determining the for- 
mulae of bodies of natural origin, that is, bodies whose origin gives us no clue 
to their structure. The most important alkaloids of the pyridine group a|;e 
coniine, piperine, and nicotine. 


Coniine 

Coniine, dextro-a-^-propyl-piperidine, 

CHg CH-CHaCHs-CHs’ 

is of interest as the first alkaloid whose synthesis was successfully carried out. 
owing no doubt to its comparatively simple structure. Coniine occurs in 
hemlock {Gonium maculaUm, whence the name), especially in the seeds, 
together with several other alkaloids. It is a colourless liquid boiling at 167°, 
which has a strong smell and is a violent poison. It was discovered in hemlock 
seeds by Giesecke in 1827 ; its correct molecular formula, CgHi^K, was estab- ^ 
lished in 1881 by Hofmann, who also succeeded in throwing much light on its 
structure ; and its synthesis was carried out by Ladenburg in 1886. In investi- 
gating its formula Hofmann made use for the first time of his method of 
exhaustive methylation.® This reaction has already been mentioned ; but it is 
so important for determining the structure of alkaloids that it is worth considering 
more in detail. 

If a quaternary ammonium halide is heated, it splits off the halogen together 
with the smallest of the alkyl groups. The same occurs with the halide of 
a tertiary base ; and this fact has been made use of in the case of the alkaloids.^ 
When the hydriodide of a base with a methyl on the nitrogen is heated, it forms 
methyl iodide : — 

/CHn 

*» E=]^H ® = E=NH + OHjI. 

The methyl iodide can then be determined, #is in ZeiseFs method, with alcoholic 
silver nitrate. 


^ AnnT 301. 117 Anm. 

See J . Sekmidt, Konsiitution 


1900-1904 (Enke, Stuttgart). 

^ Ann, 78, 263 ; 14. f9- 


der PjtanzenaDcaloide, 1904; Die AlhaloidcMmie ind,Ja1iren 
659 (1881). 
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But if the halogen of a quaternary halide is replaced by hydroxyl, and this 
body is heated, then it is the largest of the alkyl groups wlticl^ splits otf from 
the nitrogen. This is the foundation of the method of exhaustive methylation, 
which was discovered by Hofmann, and fully explained some time later by 
Ladenburg. ^ 

In.-jthe case of an alkaloid, where the nitrogen forms part of a ring, the 
largest hydrocarbon radical is of course the ring itself. When the quatemaiy 
hydroxide is heated, this breaks off from the nitrogen on one side, but still 
remains attached on the other. The result is that only a molecule of water 
is lost, and a base with the same number of carbon atoms remains. For example, 

. ^71^ piperidine : — 


N-OH 


CH, CH 
I ' 11 

CH, CH, + H,0. 


The product adds on another molecule of methyl iodide, and the corresponding 
hydroxide when heated separates the nitrogen from the long chain altogether, 
giving a hydrocarbon piperylene, CjHg. The reaction is most naturally repre- 
sented thus : — 

CH„ CH, 


CH, CH, 


CHj CHg 


' CH3 CH3 "cHa ^ CHrCHT'^CHa 
This must undoubtedly be the formula of the primary product, and was for 
a long time supposed to be that of piperylene itself. But certain peculiarities 
in its behayiour led Thiele ^ to doubt this, and he has been able to show that its 
true formula is CHg^CH-CH^CH-CHs . One of the strongest proofs is its 

reaction with potassium permanganate. This must break the chain at the 
double bonds; and di-vinyl-methane would give formic and malonic acids: 
whereas the actual products from piperylene are formic and acetic acids. It is 
evident that the di-vinyl-methane first formed undergoes a rearrangement, no 
doubt under the influence of the simultaneously produced trimethylamine, which 
exerts a similar ejffect on the unsaturated lactones.^ 

This intramolecular change, however, does not affect thOvalue of the reaction, 
which essentially consists in splitting out the nitrogen from the ring of which 
it forms part, and hence enables u^ to determine what the nature of that ring 
was : a point of the utmost importance in investigating a class of bodies like the 
alkaloids, whose origin leaves us quite in the dark as to the type of compounds 
to which they may belong. ^ 

It has recently been discovered that if the compound contains methoxyl 
groups, as many alkaloids do, these are converted byj:he action of the methyl 

^ Ann, 319. 22 a (1901). * Ib. 129. 


CH3 CH3 
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iodide into hydroxyls, so that a certain caution is necessary in employing the 
method in these, cases.' 

In the case of coniine, which contains no oxygen, we do not meet with any 
such difSeulties. When coniine is subjected to this treatment, Hofmann shewed 
that it passes through the folloAving stages : — ^ 

CsH.-N C3Hie(CH3)NI G,IL,,{GIL,W-OTl CsHi3(CH3)3N - 

Coniine. 

CaHiaCCHsjsN-OH ^ CjHi^ + NCCHs)^ + H^O. 

Conylene. 


The resulting hydrocarbon differs from piperylene, as coniine does from piper- 
idine, by C 3 H 5 . Hofmann therefore suggested that coniine was a homologue 
of piperidine, ^and soon after Konigs proposed for it the formula of a propyl- 
piperidine, though there was as yet no evidence as to the disposition of the three 
extra carbon atoms. 

Konigs’ view was completely confirmed by the very unexpected results 
which Hofmann obtained when he distilled coniine hydrochloride with zinc 
dust.“ His object was to reduce it ; but instead of this, he found that the 
coniine lost six atoms of hydrogen, and gave a base of the formula OgHuN, 
which he called conyrine. This was easily shown to be a pyridine derivative, 
and on oxidation gave picolinie acid (pyridine a-earboxylic acid). It therefore 
only contained one side chain, and that in the a-position. It followed that 
conyrine was a-propyl- or a -isopropyl-pyridine, and coniine, containing six 
hydrogen atoms more, was «-propyl- or a-isopropyl-piperidine. That it was a 
propyl and not an isopropyl compound was rendered very probable by Hofmann’s 
further discovery ® that coniine on reduction with hydriodic acid is converted 
into ammonia and normal octane, which indicates that it contains an unbranched 
chain of carbon atoms : — * 


CH, 


CHo 


CHo 


CH„ 


4H CHa OH 2 

^a^H-GHa-CHa-OH, CH3 CHa-CHo-CHa-CHa. 

'nH + NHa 

The question was finally set at rest by Ladenburg’s synthesis of coniine 
in 1886.- 

The first point was to prepare a-propyl-pyridine. This he endeavoured to 
do by heating propyl-pyridinium iodide. As we have seen, the alkyl-pyridinium 
iodides when heated ehange,into C-alkyl-pyridines, the alkyl taking the a- or 
y-position ; and so it ^ould have been possible to obtain normal propyl-pyridine 
from normal propyl-pyridinium iodide : — 

A A 


\]c/ 




CHg-CHa-CH, 


K 

I H 


-CHa-CHa-CHa 


- Freund, Becker, Ber. SB-flSaS (1903\ 
® Ber. fs. 13 (1886). 


'er. ly. 825 (1884). 
* Ber. 22. 1404. 



Coniine §95 

It was found, however, that whether you start with normal or isopropyl 
pyridinium iodide, the same product is formed,i and this wiU not yield coniin.* 
because, as was afterwards discovered, it is the isopropyl compound : the alkyl 
undergoing a rearrangement in the course of its migration. 

the method by which Ladenberg finally succeeded in preparing the normal 
propyl compound was to condense «.picohne («-methyl-pyridine) with paralde- 
hyde, by heating under pressure. This gives a-allyl-pyiidine ; and when this 
is reduced with sodium in alcoholic solution, the allyl group is converted into 
jiormal propyl, and at the same time the pyridine ring is reduced to piperidine 


H 

h/\h 




OH, + 0=CH-CH., 


Hi 


%/■ 


Lch=( 


CH-CH. 


H2 


H, 


H 


!H-0H,-CH,.CH,. 


In this way he obtained (^-^-propyl-piperidine. But as this contains an asym- 
metric carbon atom, the product is of course a mixture of the dextro- and 
laevo-forms. If its salt with dextro-tartaric acid is recrystallized from water, 
the salt of the dextro-base separates out first, and when this is treated with 
alkali it gives the dextro-a-^x-propyl-piperidine, which was shown to be identical 
with the natural coniine. As this was the first synthesis of a natural alkaloid, 
it is worth pointing out that it is a complete one ; that is to say, it makes 
it possible to prepare coniine from its elements. The preparation of aldehyde, 
tZ-tartaric acid, and glycerine from their elements is sufficiently obvious ; from 
glycerine to a-picoline the stages are : allyl bromide, trimethylene bromide, 
pentamethylene-diamine, piperidine, pyridine, pyridine methyl iodide, a-picoline. 

A different synthesis of coniine has since been carried out by Engler.^ He 
distilled the calcium salt of picolinic acid with calcium propionate, and so got 
.a-ethyl-pyridyl ketone. On energetic reduction of this with sodium and alcohol, 
the ketone group is converted into CH 2 , and also the ring reduced to piperidine, 
and thus a-/^-propyl-piperidine, that is, inactive coniine, is obtained:-— 


/\ 


H 

h/\h 


v J-CO'Oea 
CH,-CH,-COOca 


B 


H. 


5^ 

y\ 




iCO-CHj-CHs 


H, 


H 


H. 

,H-CH,-CH„-CH, 


9 

“ Ber. 24. 2530 (1?91). 


' Ladenburg, Ber. 18. 1587 (1885). 
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nicotine contains a methyl group attached to nitrogen, and therefore cannot be 
a dipyridyl compoimd, as might otherwise be supposed. Further, if we put 
together the. fragments of chains obtained in these two reactions we get from 
the first : 

/\_0-C C-C -N-CH;, 

J 

and from the second 

/\_c c-c-c -N-OH, 


From the fact that we can either, split off a 2-carbon chain, and leave two 
carbons attached to the nucleus, or split off three, and leave one, it follows that 
these four carbon atoms must form a continuous chain, and the nicotine molecule 
must contain 

/\_C-C-C-C 

+ -N-CH,. 

\]sr/ 


jNfow we have seen that both the nitrogen atoms are tertiary ; hence the nitrogen 
in the pyridine nucleus must be unreduced, and the other nitrogen, which carries 
the methyl, must be attached to two other carbon atoms as well. This condition 
is most easily fulfilled if we suppose that this second nitrogen joins up the four 
carbon atoms of the side chain into a pyrrol nucleus, which would give us 
for the formula of nicotine; — 



This is confirmed by the fact that if nicotine is gently oxidized by potassium 
ferricyanide or silver oxide, it is converted into a new base, nicotyrine, with the 
loss of four hydrogen atoms. ®This new body must be the corresponding pyridyl- 
methyl-pyrrol r ~ 


'^rV 

Hyn 


H, 


w 

OH., 


H 

H 


The final confirmation of these views was furnished by the synthesis of 
nicotine, which was carried out by Ame Pictet. 
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The first stage was the synthesis of nieotyrine. When /i-amino-pyridine is 
heated with pyromucic acid it condenses with it to form jlT*^*pyridyl-pyrrol * 

■ COOH 


^CH=CH + GO., + H^O. 

VjSf/ 


This body when passed through a tube at a low red heat undergoes the same 
change as the corresponding acetyl- and phenyl-pyrrols, the substituent going 
from the nitrogen to the /3-earbon atom of the pyrrol ring, and /3-pyridyl-a-pyrrol 

fa produced : — 


^CH=CH 


CH— CH 
/\ II II 
/ Vc CH 


NH 




On treatment of the product with methyl iodide the imine hydrogen of the 
pyrrol is replaced by methyl, while the pyridine nitrogen takes up methyl and 
iodine, becoming pentad. The resulting compound, 


CH 


/ \ 

CH 3 I 


CH 

11 

CH 

NCH3’ 


is identical with the iodo-methylate of nieotyrine, and is converted into nico- 
tyrine on treatment with potash. This settles the structure of nieotyrine, and 
the only stage left was to reduce it to nicotine. Tor this purpose it was neces- 
sary to reduce the pyrrol ring while leaving the pyridine ring unaffected. This 
was found to be extremely difficult, as both rings behaved alike ; a weak reducing 
agent reduced neither, and a strong both. It was finally discovered that the 
end could be attained by first converting the nieotyrine into a mono-iodo- 
derivative, and then reducing this. In this way a dibydro^nicotyrine was 
formed, with the two hydrogens on the pyrrol ring ; and this, when treated 
with bromine and again reduced with tin and hydrochloric acid, gave a base 
identical with nicotine in composition and in all its properties with the exception 
of the optical activity. After resolution by means of d-tartaric acid, the laevo- 
base was obtained, which agreed in every respect with the natural nicotine, 
whose formula was thus proved to be : — 


. CH2-CH2 
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nicotine contains a methyl group attached to nitrogen, and therefore cannot be 
a dipyridyl compoimd, as might otherwise be supposed. Further, if we put 
together the. fragments of chains obtained in these two reactions we get from 
the first: 

/\_c-C C-C -N-CH, 

and from the second : — 

/\-G C-C-C -N-CH. 


From the fact that we can either, split off a 2-earhon chain, and leave two 
carbons attached to the nucleus, or split off three, and leave one, it follows that 
these four carbon atoms must form a continuous chain, and the nicotine molecule 
must contain 


"V, 


C-C-C-C 




-N-CH,,. 


Now we have seen that both the nitrogen atoms are tertiary ; hence the nitrogen 
in the pyridine nucleus must be unreduced, and the other nitrogen, which carries 
the methyl, must be attached to two other carbon atoms as well. This condition 
is most easily fulfilled if we suppose that this second nitrogen joins up the four 
carbon atoms of the side chain into a pyrrol nucleus, which would give us 
for the formula of nicotine : — 


H 

h/\ 




HI 


V 


IH CH, 


ft 

)h„ 


This is confirmed by the fact that if nicotine is gently oxidized by potassium 
famcyanide or silver oxide, it is converted into a new base, nicotyrine, with the 
loss of four hydrogen atoms. Tlhis new body must be the corresponding pyridvl* 
methyl-pyrrol ; — « 


H 

H] nH 

YV 



Oft 


^ The final confirmation of these views was furnished by the synthesis of 
mcotme, which was carried out by Am & Pictet. 
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The first stage was the synthesis of nicotyrine. When /J-amino-pyridine is 
heated with pyromucic acid it condenses with it to form N-'^-pyridyl-pyrrol 


/\ 




-NH, 


0/CH=(fH 




COOH 




'CH=CH + CO 3 + H„0. 




This body when passed through a tube at a low red heat undergoes the same 
change as the corresponding acetyl- and phenyl-pyrrols, the substituent going 
from the nitrogen to the /3-carbon atom of the pyrrol ring, and /3-pyiidyl-a-pyrrol 

?6 produced : — 


' ' ^CH=CH 




CH-CH 

/\-h " 




CH 
M • 


On treatment of the product with methyl iodide the imine hydrogen of the 
pyrrol is replaced by methyl, while the pyridine nitrogen takes up methyl and 
iodine, becoming pentad. The resulting compound, 



/ \ 

CH 3 I 


CH— CH 
II II 
C CH 


is identical with the iodo-methylate of nicotyrine, and is converted into nico- 
tyrine on treatment with potash. This settles the structure of nicotyrine, and 
the only stage left was to reduce it to nicotine. For this purpose it was neces- 
sary to reduce the pyrrol ring while leaving the pyridine ring unaffected. This 
was found to be extremely dilBScult, as both rings behaved alike ; a weak reducing 
agent reduced neither, and a strong both. It was finally discovered that the 
end could be attained by first converting the nicotyrine into a mono-iodo- 
derivative, and then reducing this. In this way a dihydro-nicotyrine was 
formed, with the two hydrogens on the pyrrol ring ; and this, when treated 
with bromine and again reduced with tin and hydrochloric acid, gave a base 
identical with nicotine in composition and in all its properties with the exception 
of the optical activity. After resolution by means of d-tartaric acid, the laevo- 
base was obtained, which agreed in every respect with^ the natural nicotine, 
whose formula was thus proved to be : — 


/ 


V!?: 


Ha-CH, 


\ 


•F 


CH C 
CH» 


H, 
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Quinoline 


II. QUINOLINE 


By the fusion of a pyridine with a benzene nucleus we arrive at benzopyri- 
dine, which bears the same relation to pyridine that naphthalene does to benzene, 
or indol to pyrrol. Owing to the presence of the nitrogen, thif may lead to the 
formation of either of two compounds, according as the two carbon ^toms 
common to both rings occupy on the pyridine ring the 05,^3- or the /3,y-positions. 
In the former case we get quinoline, in the latter isoquinoline : — 

/vx /X/\, 


\Xn/ 


N 

\x\/ 


e Quinoline. Isoquinoline. 

The formula of quinoline was first established by its giving on oxidation a 
pyridine dicarboxylic acid (quinolinic acid), and by its synthesis from allyl- 
aniline by passing its vapour over heated lead oxide (the first synthesis of 
quinoline, Konigs, 1879) ; — 



This does not show where the new ring attaches itself to the benzene nucleus, 
but it shows that the nitrogen is directly attached to the benzene, and so, taken 
in conjunction with the previous evidence of the existence of a pyridine ring in 
quinoline, is a sufficient proof of the formula. 

A further proof is given by Baeyer’s synthesis from o-nitro-hydrocinnamic 
acid, discovered in 1879, the same year as Konigs’. This body on reduction 
gives o-amino-hydrocinnamic acid, which however is unstable, and at once 
forms its lactame hydrocarbostyril, the ketone of dihydroquinoline. This re- 
action is exactly parallel to the formation of oxindol from o-amino-phenyl-acetic 
acid ; indeed, it was in connexion with his work on the indigo compounds that 
Baeyer discovered it ; — 


\COOH 






!H„ 


/VCH^s, 


CO 

/ 

m 


'^Xh, 


CH, 

COOH 


/VCH 


2 \ . 


-CO 


^ Oxindol. Hydrocarbostyril. 

On treatment with phosphorus pentachloride and hydriodic acid hydrocarbo- 
styril loses one oxygen atom and four hydrogens and gives quinoline. 

The usual types of formulae have been proposed to express the internal 
stmcture of pyridine ; the most satisfactory is the analogue of Thiele’s naphtha- 
lene formula : — . 
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The substitution-products of quinoline are naturally very numerous. As the 
formula shows, all the seven hydrogen atoms are differently related to the 
nucleus, and thus seven monosubstitution-products are -possiblk The number- 
ing of the ring is confusing, as no less than three systems are in use 


AX, 

4 3 

sAAXXa 

a y 

,j|/XXX 



0 


Bz- Py- 


Eichter. 

Beilstein. 

a == ana. 


A very large number of syntheses of quinoline and its derivatives are known. 
They may be obtained by intramolecular condensation from o-amino-deri- 
vatives of benzene having a side chain of at least three carbon atoms, and 
an oxygen atom on the third carbon ; e. g. from o-amino-cinnamic aldehyde 


OH 


\A 


OHO 


NH, 




\/\^/ 


OH 

I 

OH 


or from o-amino-cinnamyl-methyl ketone ; — 


\ OO-CHs 
NH„ 


. 

Quinaldine 

(a-methyl-quinoline). 


A similar reaction is Friedlander’s synthesis from o-amino-benzaldehyde and 
any compound containing a CHq-CO group, such as aldehydes, ketones, aceto- 
acetic ester, &c. This occurs in the presence of soda, and depends on the 
intermediate formation of a benzylidine compound ; e.g. with acetoacetic ester: — 


/VCHO 




OC-CH, 


,-CO.,E 


C-COaE 

. C-CH. ' 

\/\n/ 


cc-methyl-quinoline- 
/3-^arboxylic ester. 

By substituting anthranilic acid for o-amino-benzaldehySe we get y-oxy-quino- 
lines ; e. g. with acetaldehyde, y-oxy-quinoline itself : — 


/\/C<o 

I I ^ 


OH 


■¥ I 


OH, 


^HO 


OOH 

\)H 

oh' 


'\/AnH2 

The best known synthesis of quinoline is Skraup^s. It consists in heating a 
pi'imary aromatic amine with concentrated sulphuric acid, '^glycerine, and an 
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oxidizing agent. The latter is usually the nitro-compound corresponding to the 
amine employed, which is reduced in the reaction to that amine. Thus, quinoline 
itself is got from* aniline, nitrobenzene, glyceiune, and sulphuric acid. We may 
assume that the glycerine is conyerted by the sulphuric acid into acrolein, which 
combines with the aniline to give acrolein-aniline; and then^the nitrobenzene 
oxidizes off the terminal hydrogen of the side chain together with the .ortho- 
hydrogen of the ring : — 

QHj 


/\/H 






(^H 

CHO 






?H 

CH 


I 


H 


CH 


There is some reason, however, to think ^ that the reaction in its last stage is 
not quite so sHnple as this. If crotonic aldehyde is condensed in this way with 
aniline, we should expect it to give y-methyl-quinoline : — 

/CH, 

' ' CH . 








■/ 


H 

CH 


vCH 


but as a fact the product is «-methyl-quinoline. This can be explained if we 
suppose that the aldehyde condenses with two molecules of aniline, one of which 
splits off again in the closing of the ring : — 


2 ^-NHa CH,-CH=CH-CHO 


CH 

^C.CH3 

HH 


/\ 


CHO 

\h. 




CH-CH, 


(^H 


The Skraup reaction is very violent, and requires great care ; the purity of 
the glycerine seems to be of importance. It has been found ® that if arsenic 
acid is used as the oxidizing agent instead of nitrobenzene, the reaction proceeds 
quite quietly. 

In the place of aniline, ^ny other aromatic amine having at least one 
ortho position free can be used. Diamines react twice, giving the so-called 
phenanthrolines ; e. g. : — 


1 M 

x/ x/x/ 

' Blaise, Maire, C. It. 144. ^ (C. 09. i. 974) ; Bull. Soe. [4] 3, 667 (C. 08. u. 174) ; of. Simon, 
C. B. 144. 188 (0; 09»i. 973). % Knfippel, Ber. 29. 704 (1896). 
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Another general method of great importance for the synthesis of quinoline 
compounds is that of Dsbner and v. Miller, the action of’sulphuric or hydro- 
chloric acid on a mixture of an amine and an aldehyde ’ The reaction proceeds 
in three stages : (1) the formation of alkylidene-aniline ; (2) th^ormation of a 
bimoleijular condensation-product of this ; (3) the loss of anilinFand hydrogen 
to give a quinoline compound, for example evith acetaldehyde 

^.N=CH 

/\ /\/CHv 

/ > />TT I I 


^_N=CH-CH3 
+ CH3-CH=N-0 


^Vh 


CHCH. 


. . C-CH, 

\/\n/' 


+ + Ha. 


The hydrogen which is set free in this reaction sometimes redu^s part of the 
quinoline compound formed to a tetrahydro-derivative. 

Quinoline itself is usually obtained by Skraup’s synthesis; it may also be 
prepared by an extremely simple method due to Kulisch, by warming a mixture 
of o-toluidine and glyoxal with soda 
/X/CHa 




0=CH 

0=CH 


/CHv 

CH 

CH 


2 H 3 O. 


\/\^/ 


Quinoline is a colourless oil, boiHng at 239°. It is very hygi-oscopic, formmg 
a hydrate ( 1| H 2 O) in moist air. It closely resembles pyndme m l>ehavioui. 
It is a tertiary base, and forms quaternary quinolinium iodides with alkyl 
iodides. The corresponding hydroxides are sti-ong bases; but, as with the 
pyi-idinium, bases, the oxygen very readily migrates from the nitrogen to 

*^^Of the'homologues of quinoHne, the a- and y-methyl compounds are remark- 
able for the mobffity of the methyl hydrogen. (The same is the case with the 
picolines.) Thus they condense with aldehydes, either to give compoun s o 
the aldol type, e.g. with chloral. 


CHa-CHOH-CCls; 

\/V 

or with loss of water to form alkylidene derivatives, e.g. ivith benzaldehyde. 


.CH=0H-^. 

X/^n/ 

Since the benzene nucleus is more easily substituted S" 

direct substitution-products of quinoline (for example, with the h^ogens, sul- 
ohuric or nitric acid ') contain the’substituent in the benzene ring. T4ose which 
are substituted in the pyridine ring must be made by indirect methods, as by 

• 

* Kaufmaxin, Hiisgy, Ber, 41. 1735 (1908). 
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action of phosphorus pentachloride on the oxy-quinolines. These latter resemble 
the substitution-produets of p 5 n'idine itself. Thus the a- and y-chloro-quinolines 
have the chlorine very mobile and easily replaced. 

Quinoline is easily reduced, the hydrogen atoms going almost exclusively to 
the pyridine ring, as we should expect, since pyridine is more easily reduc^ than 
benzene. We thus get first di- and then tetrahydro-quinoline. 


H, 


H 


H 

H 


/\/\Il, 


H 


which latter l^haves as far as the pyridine ring is concerned as a secondary 
fatty amine, like piperidine: while the benzene ring has the full aromatic 
character. Precisely the same phenomena occur of course in the case of 
naphthalene. 

The oxy-quinolines behave at once as acids and as bases. The a- and y- may 
be obtained from the chlorine compound with potash. The yS- is unknown. 
They react both as phenols and as ketones. The Bz-oxy-derivatives are pre- 
pared by modifications of the syntheses ; e. g. from glycerine and aminophenol, 
with nitrophenol as the oxidizing agent. The most important of the oxy- 
quinoHnes is the a-, which is carbostyril, 




or 


OH 

ho ' 


\/\ / 

^ NH 


whose formation by the reduction of o-nitro-cinnamic acid has already been 
mentioned. 

It forms salts both with acids and with bases, withorTt opening the ring, but 
they are very unstable and are decomposed by water. It forms both 0- and 
N-ethers. 

The nitrogenous ring of quinoline can be broken by various reagents ; thus, 
benzoyl chloride and soda convert it into o-benzoylamino-cinnamic aldehyde — . 


CH 


\ y\ OH 


4>-GO-,Gl + HjO 


h-HCI. 

\A 


It is to be observed that isoquinoline is not decomposed in this reaction. 

In most cases this breaking of the ring iS preceded by reduction. Thus if 
the vapour of quinoline mixed with hydrogen is passed over reduced nickel at 
260-280®, a-methyl-indol is formed, together with small quantities of methyl-o- 
toluidine and^toluidine.^ This is the unusual case of the conversion of a 6-ring 


^ Reissert, BerMB. 8415 (1905). 


Padoa, CarugM, C. 06. ii. 1011. 
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into a o-ring. It is probably due to the intermediate fonnation of an open- 
chain body ; — , ' . 

CH 




/\/CH, 


\/\ / 

^ NH 


CH„-CHs 


-CH 




acm 


In the same way tetrahydroquinoline when heated with nickel gives scatol 
(/ 3 -inethyl-indol) together with methyl- and ethyl-aniline, which are. no doubt 
intermediate products.^ 


III. ISOQUINOLINE 

Isoquinoline is isomeric with quinoline, the two carbon atoms common to 
both rings being in the /3,y-positions. 
fiumbered thus: — 

-ay t T 


The positions in the ring are usually 
4 


P 


m 




N 



This group is far less numerous than that of quinoline, but it is interesting 
from its relation to various natural alkaloids, such as papaverine and berberine. 

Isoquinoline can be synthesized in various .ways. If the ammonium salt of 
homophthalic acid is heated, it is converted into its imide, which is diketo- 
* tetrahydrb-isoquinoline. This, on treatment with phosphorus pentachlonde, 
gives dichlorq-isoquinoline, which on reduction yields isoquinoline itself. 


/VcHa-COOH 


V 


-COOH 


Homophthalic 
acid. 


CH 2 

Homophthal- 
imide. 


CH 

/^CCl 

\/\/ 

C-Cl 

Dichloro- 

isoquinoline. 


CH 

. . lir 

CH 

Isoquinoline. 


The reaction can also be carried out in one operation, by heating homophthalimi 

with zinc dust in a stream of hydrogen. ^ j. 4 4 ? w, 

Another general method of obtaining isoquinolipe derivatives is to start trom 
benzene derivatives containing the side chain C-N-C-C ; t^us from enzy i ene 
amino-acetal (the condensation-product of benzaldehyde and the acetal of ace 
dehyde) by heating with sulphuric acid 

'*(E0)2CH CH 


'''"CHO 


(RO)2q-H 

^CHo 

I ' 

HaN 


CH, 


./V\ 


\/\/ 

CH 


.N 


\/\^ 

CH 


CH 

hi 


-h ,2 ROH. 


Scasfliafinij C. 08. ii. 614. 
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A stiU simpler synthesis of the same kind is from henzyHdene-ethylamine, 
by passing it thcou^ a red-hot tube : 


x/x/ 

CH 


OH 




CH 

'k 


2H2.» 


XXX/' 

CH 


A more unusual method was discovered by Gabriel and Colman,^ who treated 
the ester of phthalyl-glyeine with sodium ethylate, whereby the carboxylic ester 
of oxy-isocarbostyi'il was formed : — ^ 

C-OH 


/\ /CO - 

^N-CHg-COOEt 


/ 


^^C-OHa 

CHo-COOEt 

X/Xz-NH 

CO 


/X/\ 


C-COOEt 


X/X«^ 

COH 


Another remarkable synthesis is by the distillation with phosphorus pentoxide 
of the oxime of cinnamic aldehyde ; we should expect this to give quinoline 


CH 


CH 


CH 

./x/\. 


\/ / 

NOH 




(|)H 

ch’ 


As a fact, however, quinoline is not formed, but isoquinoline is, though only in 
small quantity. This can be explained by supposing that the oxime (as an 
anti-aldoxime) first undergoes the Beckmann reaction, and then^the product 
condenses : — 

HO-GH 


<6.CH=CH-.CH 
^ 11 
HO-N 


CH 

/x/\ 

1 OH 


HO-CH 


X/ 


0-CH=CH-N 

CH 

^/^CH 


CH 


The unreduced isoquinoline compounds are tertiary bases, giving stable salts 
with acids and quaternary compounds with alkyl iodides. The stability of the 
pyridine ring is less ki isoquinoline than in pyridine itself and in quinoline, as 
is shown by the fact that when isoquinoline is oxidized in acid solution both the 
benzene and the pyridine rings are attacked, a mixture of phthalic and cincho- 
mei'onic acids being produced : — 


c 


j^-COOH 

«^/COOH 



COgH 

CO,H. 


x/ 


e 

1 33. 980 (1900); cf. Findeklee, .Ben 38. 8542 (1905). 
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If til© nitrogen is made to assume the pentad condition, the pyridine ring is 
still further weakened ; so that if the halogen alkylates (isoquinolinium salts) 
are oxidized, the pyridine ring is broken and not the benzene ring. This reaction 
takes, a peculiar course. One carbon is eliminated from the ring, giving an 
N-substituted phthalimide : — 



/vco 

\y^GO 


> 




5 * 


Isoquinoline occurs among the products of the distillation of coal tar, from 
^hich it is separated along with the quinoline. It is isolated by dissolving the 
raw quinoline in alcohol and adding sulphuric acid, when the less soluble 
isoqiunoline sulphate crystallizes out. ^ 

It boils at 240*5° (quinoline at 289°). It is more basic than quinoline, and 
attracts carbon dioxide from the air. 

The derivatives of isoquinoline closely resemble those of quinoline. 
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Alkyl pyrrols, 360. 

Alkylamines, hydrates of, 19. 

Alkylamine% properties of, 18, 20. 
Alkylamines, substituted, 31. 

Alkylation (of amines), 49. 

Aikylene diamines, 68. 

Allophanic acid, 183. 

Allophanic ester, 180. 

Alloxan, 316, 

Allyl isothiocyanate, 223. 

Aluminium chloride, 107, 180, 199, 226, 261. 
Amic acids, 84. 

Amides, 76. 

Amides as solvents, 82. 

Amides of dibasic acids, 84. 

Amides, properties of, 79. 

Amidines, 95. 

Amido-chlorides, 92. 

Amidolysis, 82. 

Amidoximes, 105. 

Amidoxyl-fatty acids, 298. 

Amine group : reaction with nitrous acid, 
335, 344. 

Amine hydrates, 19, 69, 

Amine oxides, 101. 

Amine oxide, active, 30. 

Amines, 16. 

Amines, aromatic, 46. 

Amines, basicity of, 24. 

Amines, mixed, 48. ^ ^ 

Amines, mixed tertiary, 49. 


Amines, oxidation of, 162. 

Amines, separation of, 19. 

Amines, solubility of. 27. 

Amino-acids, 34. 

Amino-acids of proteins, 40. 
Amino-alcohols, 32. 

Aminoazo -compounds, 284. 
Amino-diphenyl-methanes, 59. 
Amino-guanidine, 300. 

Amino-ketones, 34. 

Aminophenols, 56. 

Aminopyrrols, 362. 
Amino-triphenyl-methanes, 59, 124. 
Amino-urea, 299. 

Amino-urethane, 299. 

Ammonia reaction, 296. 

Amphoteric electrolytes, 107. 

Amygdalin, 197. 

Amyl nitrite, 248, 257. 

Anhydrides, acid, 103. 

Anhydro-bases, 70. 
Anhydro-formaldehyde aniline, 49. 
Anilides, 86. 

Aniline, 45, 46. 

Aniline derivatives substituted in tl 
nucleus, 61. 

Aniline, halogen derivatives of, 54. 
Aniline, sulphonie acids of^ 55. 

Anilines, substituted, 48. 

Aromatic amines, 45. 

Aromatic charactei*, 183. 

Aromatic and fatty compounds, clistin 
tions between, 71. 

Aromatic nitro-compounds, 153. 
Aromatic poly-nitro-derivatives, 164. 
Artificial musk, 155. 

Aspartic acid, 85. 

Auramines, 59. 

Autoxidation, 9^. 

Auxochrome, 172, 283. 

Azides, 345, 346. 

Azido-acetic acid, 344. 

Azimides, 71. 

Azines, 71. 

Azobenzene, 281. 

Azo-compounds, 280. 

Azo-dicarboxylic acid, 301. 

Azo-phenols, 287, 291. • 

Azo-pyrrols^ 362. 

Azoxy-compounds, ^2. 

Azulmic acid, 196, 199. 
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Baeyer’s strain theoiyf 70, 71, 84, 90, 218, 
331,383,406. * 

Barbituric acid, 316. 

Basic groups, 18, 50, -54, 55, 57,71, 78, 80, 
87, 101, 105, 107, 138, 185, 191, 193, 241, 
243, 265, 299, 307, 313, 357, 386, 407. 
Basicity of amines, 24* 

Beckmann reaction, 82, 89, 104, 105, 114, 
119, 213, 313. 

Benzaldoximes, 118. 

Benzamide, tautomeric salts of, 81. 
Benzene sulpbonic chloride, 19, 120. 
Benzidine derivatives, 58. 

Benzil, oximes of, 118. 

Benznitrosolic acid, 133. 
Benzo-aceto-dinijprile, 385. 

Benzoin synthesis, 200. 

Benzoyl nitrate, 12. 

Benzylamine bases, 43. 

Biguanide, 193. 

Bis-diazoacetic acid, 342. 
Bis-diazoamino-compounds, 314, 
Bis"diazomethane, 343. 

Biuret, 183, 188. 

Biuret test, 43, 188. 

Bromamides, 82. 

B Glow reaction, 246, 248, 313. 

Buzane derivatives, 313. 


C 

Caffeine, 324, 325. 

Carbamic acid, 179. 

Carbamic chloride, 180. 
Carbamide-imide-azide, 311. 

Carbo-diimide, 192. 

Carbo*di]^benyl-imide, 192. 

Carbon bisulphide, 47, 183. 

Carbonic acid derivatives, 177, 299. 
Carbylamines, 207. 

Caro’s acid, 102, 103, 122, 162. 

Catalysis, 22, 45, 46, 48, 86, 94, 137, 182, 
191, 200, 214, 261, 293, 338, 386. 
Catalysis, ne^tive, 123, 199. 

Catalytic action of acids, 52, 125, 133, 154, 
295, 296, 306, 307. ’ ^ 

Catalytic action of hydrogen ion, 76, 77, 
106, 337. > j ^ 

Catalytic action of hydroxyl ion, 77, 106, 
158. 

Catalytic action of light, 52, 70, 133, 

^ 146,276, 338. % ' ^ 

Catalytic action of mercury, 378. 

Catalytic action of neutral salts, 97, 156. 
Celluloid, 10. 

Chloramines, 21, 52. 

Iholine, 32. 

)hromo-ethers, 170, 178. 

3hromophor^l72, 283. 

Colloidal platinum, 306. 

Collodion, 10. * 

lolour and constitution, 60, 64^67, 78, 110. 
123, 145, 146, 149, 166, 170, 171, 174, 245, 
286, 299, 806. > ’ > > . 


Colour and ionization, 171, 174. 
Condensation products of ortho-derivatives, 
70. 

Coniine, 392. 

Coniine, syntheses of, 394. 

Conyrine, 394. 

Copper cyanide, 196. * 

‘Coupling’ reactions, 262, 287. 

Creatin, 194. 

Creatinin, 194. 

Crum Brown’s rule, 51, 53, 378. 

‘ Crumpling ’ of ring, 343, 344, 404, 407. ^ 
Cuprous chloride, 185. 

Curtius reaction, 18. 

Cyainelide, 234. 

Cyanalkines, 206. 

Cyanamide, 216. 

Cyanic acid, 214. 

Cyanic esters, 217- 
Cyanides, double, 201. 
Cyan-isonitroso-acet-bydroxamic acid, 229. 
Cyanogen, 195. . 

Cyanogen compounds, 195. 

Cyanogen halides, 215. 

Cyan-urea, 188. 

Cyanurie acid, 233. 

Cyanuric bromide, 233. 

Cyanurie chloride, 233. 

Cyanuric esters, 233. 

Cyclic diamides, 85. 

Cyclic ureides, 815. 


D 

Bi-acetamide, 83. 

Bi-acetyl-ortho-nitric acid, 12. 
Bi-acyl-anilines, 87. • 

Biallsyl-hydroxylamines, 101. 

Bialuric acid, 816. 

Biamides, cyclic, 85. 

Biamines, 68. 

Biamines, aromatic, 70. 

Biazoacetic ester, 335. 

Biazoacetic ester, polymerization of, 341. 
Biazoamino-compounds, 305. 
Biazoamino-compounds, structure of, 309. 
Biazoamino-cyanides, 311. 
Biazoamino-paraffins, 306. 

Biazobenzenic acid, 295. 

Biazo-compounds, 256. 

Biazo-compounds, constitution of, 262, 278. 
Biazo-compounds, formation of, 257. 
Biazo-cyanides, 273. 

Biazo-ethane, 334. 

‘ Biazo-guanidine,’ 310. 

Biazo-^ydrates, 270. 

Biazo mydrazides, 313. 

Biazomethane, 332. 

Biazomethane disulphonie acid, 344. 
Biazotiethane group, 331. 

Biazo-reactions, 260. 

Biazo-reactions, theory of, 275. 

Biazonium perhalides, 265. 

Biazonium salts, 265. 

Biazonium^alts, solid, 272. 
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Biazotates, 267. 

Bicyan-diairiide, 217. 

Dihydro-teh’azine, 342, 

Diimide, 301. ^ 

Dike^^nes, oximes of, 109. 
acid, 317. 

Dimelhyl-aniline, 00. 

I)ime^yl-tria,zene, 306. 

Dinitro-paraffins, salts of^ 149. 

^Diuitrure’, 128, 

Bi-oi’tlio-dinitrO'diplienyl-diacetylene, 3G7. 
Bioxindol, 366, 371. ^ 
Biplienyl-carbo-diimide, 192. 
Bipbenyl-furoxane, 230. 
f)iplienyl~gly oxime peroxide, 134. 
Biphenylamine, 60. 

Bipbenylamine test for nitric acid, 245. 

- Bistillation in vacuo, 39. 

Bitbiocarbamic acid, 182. 

Biurea, 187. 

Byad carbon, 208, 211, 224. 

Byeing, 282. 

Byes, 59, 282. 

Bynamite, 11. 


E 

Electrolytic reduction, 156. 
Electro-synthesis, 69. 
Ethanolamine, 32. 

Ethionic acid, 33. 

Ethyl hydroperoxide, 7, 9. 

Ethyl oxalate, 19. 

Ethylene imine, 331.^ 

Exhaustive methylation, 364, 392. 
Expansion of rings, 359. 


F 

Ferments, natural, 81. 

Ferric chloride, 143, 183. 
Ferricyanides, 201. 
Ferrocyanides, 201. 
Forrofulminatos, 226. 
Formaldehyde, 49, 102. 
Formaldoxim e , 109. 
Formamidoxime, 106. 
Form-hydroxamic acid, 104. 
Formic acid as solvent, 168. 
Formyl chloride oxime, 104, 224. 
Friedel and Craft’s reaction, 180. 
Fulminic acid, 223. 

Fulminic acid, polymers of, 228. 
Fulminiiric acid, 228. 

Furazane derivatives, 130. 


a 

Gabriel’s phthalimide reaction, 16, 32, 34, 
35, 69. • 

Gatterman’s reaction, 199, 261. 
Glucosamine, 36. 

Glucosides, 197- 
Glycine, 37. 

Glycocoll, 37. 


Glyoxime peroxide, 130. 
Guanidine, 193. 
Guanine, 323, 326. ’ % 

Gun cotton, 10* 


H 


‘ Halochromie,’ 158. 

Halogen carriers, 182, 386. 

Heteroxanthine, 325. 

Heumann’s synthesis of indigo, 375. 
Hinsberg reaction, 19, 331. 

Hofmann’s amide reaction, 17, 82. 187, 204 
377, 879. , , , , , 

Hofmann’s amine reaction, 52, 57. 
Hofmann’s isonitrile reaction, 20. 
Hofmann’s mustard oil test, 20, 222. 
Homolka base, 68, 74. ^ 

Hydrates of alkylamines, 19. 

Hydrates of diamines, 69. 

Hydrazi-acetic acid, 839. 

Hydrazides, acid, 246. 

Hydrazido-nitriles, 248. 

Hydrazine derivatives, 241. 

Hydrazines, aromatic, 242. 

Hydrazines, fatty, 24L 
Hydrazoamino-compounds, 311. 
Hydrazo-eompouiids, 254. 

Hydrazones, 247. 

Hydrazones from diazo-compounds, 251. 
Hydrocarbostyril, 400. 

Hydrochloric acid as reducing agent, 22, 73, 
285. 


Hydrocyanic acid, 187. 

Hydrogen peroxide, 7, 98, 101, 162. 
Hydrotetrazones, 248, 818. 
Hydroxamic acids, 103. 
Hydroxamoxiines, 106. 
Hydroxy-anilines, 56. 
Hydroxy-caffeine, 326. 
Hydroxylamine, 101, 106, 253, 259. 
Hydroxylamine derivatives, 96. 
a-Hydroxylamines, 96. 
/3-Hydroxylamines, 96. 
Hypoxanthine, 323. 


Imidazoles, 70. 

Imides, 90. 

Imido-chlorides, 92. 

Imido-compounds, 16. 

Imido-Sthers, 93. 

Imidohydrine, 9jJ. 

Imino-clicarboxylic acid, 183. 

Indicators, 171. 

Indigo, constitution of, 366. 

Indigo, synthesis of, 374, 

Indigo white, 373. 

Indol, 369. 

Indol group, 364. 

Indophenols, 133, 

Indoxyl, 370. 

Internal salts, 33, 36, 55. 

Intramolecular chaise, 21, 38, 

60, 87, 91, 98, 97,^8, 103, 126, 144, 222, 
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231, 244, 253, 266, 273, 292, 295, 296, 297, 
300, 301, 318, 360, 388, 393, 395. 
Ionization and coloiir, ?71, 174. 
Ionization-isomerism, 267. * 

Isatin, 866, 371. 

Iso-amides, 80. * 

Isocjanic esters, 218. 

Isocyanides, 207. 

Isocyanides, constitution of, 208. 
Isoeyanphenyl-chloride, 208. 

Isocyanuric acid, 228. 
‘Iso-diazo-compounds,’ 342. 

Isofalminnric acid, 229. 

Isomerism, 223. 

Isonitramines, 297. 

Isonitrile reaction, Hofmann’s, 20. 
Isonitriles, 207. 

IsonitrosO'Compo«nds, 106. 

Isoquinoline, 405, 

Isothiocyan-acetic acid, 222. 
Isotliiocyanic-esters, 222. 

Iso-urea, 188. 

Isuretin, 106. 


L 

Lecithine, 33. 

Leuco-bases, 60. 

Leuco-ethers, 170. 

Liebermann reaction, 295. 

Light, catalytic action of, 52, 70, 123, 138, 
146, 276, 338. 

Liquid crystals, 293. 


M 


Magnesium alkyl halide, 5, 101, 144. 
Maionyl-urea, 316. 

Melamines, 236. 

Melinite, 177. 

Melting-point and constitution, 69. 
Mendius reaction, 17, 35, 205. 

Mercuric cyanide, 201. 

Mercury, catalytic action of, 878. 

Mercury fulminate, 107, 223. 

Mercury salt of nitroform, 151. 

Mercury salts of tautomeric compounds, 


Meri-quinoid compounds, 74. 
Metafulminuric acid, 228. 

Meta-quinones, 175. 

Methyl azide, 345. • 

Methyl cyanide as solvent 168. 
Methyl-nitrosamine, 181. 

Methyl-nitrosolic acid, 134. 

Methyl sulphate as alkylating agent, 16, 


Methylation, 383, 864, 392. 

Methylene blue, 133. 

Methylene group, acidic, 8, 9, 107, 140, 141, 
196, 250, t54, 316, 348. 

Michler’s keton^ 59. 

Migration, see Intramolecular change. 
‘MobiHty,’ 94,403. • 

Mordants, 282. 


Musk, artificial, 155. 

‘ Mustard oil ’ reaction, Hofmann’s, 20, 222. 
Mustard oils, 222. 


N 

Negative groups, 140, 188, 343, 272, 27(S 
835, 358. 

Nicotine, 397. 

Nicotyrine, 398. 

Nitramines, 295. 

Nitranilines, 55. 

Nitrates, acyl, 12. 

Nitration, 153. 

Nitration of fatty compounds, 139. 
Nitration of phenol, 169. 

Nitric esters, 8. 

Nitrile-oxides, 229. 

Nitriles, 203. 

Nitrimines, 297. 

Nitrites, metallic, 140. 

Nitrites, organic, 21, 37. 

Nitro-celluloses, 10. 

Nitro-compounds, aromatic, 153. 

Nitro- compounds, fatty, 130. 
Nitro-compounds, reduction of, 155. 
Nitrocyan-acetamide, 228. 

Nitro-derivatives oi amides of carbonic acid, 
303. 

Nitro-diphenylamines, 178. 
Nitro-explosives, 10. 

Nitro-glycerine, 9. 

Nitro-guanidine, 304. 

Nitro-hydroquinone methyl ether, 177. 
a-Nitro-ketones, 145. 

Nitro-methane, 140. 

Nitro-paraffins, 189. « 

Nitro-paraffins, structure, 141. 
Nitro-phenols, 169. 

Nitro-pyrrols, 362. 

Nitro-urea, 304. 

Nitro-urethane, 304. 

Nitroform, 150. 

Nitroform, mercury salt of, 151. 

Nitrogen, oxides of, 6, 124, 128. 

Nitrogen, pentavalent, 23. 

Nitrogen, pentavalent, stereochemistry of, 
27. 

Nitrogen tricarboxylic acid, 183. 

Nitrolic acids, 146. 

Nitronic acids, 165. 

Nitrosamines, 270, 293. 

Nitrosates, 128. 

Nitrosites. 128. 

Nitrosoanilines, 58. 

Nitrosobenzene, 132. 

Nitro^butane, 122. 

Nitroso-compounds, aromatic, 131. 
Nitroso-compounds, fatty, 122. 
Nitrost-derivatives of amides of carbonic 
acid, 302. 

Nitroso-hydroxylamines, 297. 

Nitrosolic acids, 133. 
Nitroso-methyl-urethane, 181, 294, 332. 
Nitroso-orc^n, 136. 
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Nitrosophenols, 135. 

Nitroso-pyrrols, 3^1. 

Nitrosyl cliioride, 132. 

Nitrous acid, 20, 21, 36, 37, 47, 69, 71, 72, 
107,, 109, 133, 146, 253,255, 259. 

Nitrotis acid, analogy witli triplieiiyl 
carbinol, 8.- * 

Nitiws acid, estimation of, 47. 

Nitrous acid, reaction with NHg group, 335, 
344. 

Nitrous esters, 6. * 

Nitrous oxide, 105. 

0 

Octazones, 314. 

Optically active nitrogen compounds, 28. 
Optically active oximes, 116. 

• Organ o-magnesium compounds, 305. 
Ortho-condensation products, 70. 
Ortho-esters, 95. 

Ortho-, meta-, and para-derivatives, distinc- 
tions between, 72. 

Osazones, 249. 

Osotetrazones, 250. 

Oxamic acid, 84. 

Oxamide, 84. 

OxMation, 70, 72, 73, 9^108. 

Oxidation of amines, idSf 
Oximes, 106. 

Oximes of benzil, 118. 

Oximes of diketones, 109. 

Oximes, stereoisomerism of, 110. 

Oximes, velocity of formation of, 106. 
Oxindol, 366, 371. 

Oxy-amidoximes, 106. 

Oxyamines, 101. 

^xy-azo-coit pounds, 287. 

Oxy-azo-com pounds, constitution, 289. 

P 

Para-hydrogen atom, reactivity of, 49. 
Paracyanogen, 197. 

Para-urazine, 187. 

Para-xanthine, 325. 

Pentavalent nitrogen, 23. 

Pentavalent nitrogen compounds, 74. 
Pentavalent nitrogen compounds, stereo- 
chemistry of, 27. 

Peptones, 41. 

Persulpho-cyanic acid, 221. 
Phenyl-acetamide, 83, 339. 

Phenyl-azide, 345. 

Phenyl-cyclo-triazane, 347. 
Phenyl-diazo-me thane, 335. 
Phenyl-hydrazones, 247. 
jS-Phenyl-hydroxylamine, 96. 
Phenyl-isocyanate, 111, 143, 219. 

Phenyl magnesium bromide, 132*, 208. 
Phenyl nitromethane, 143. ^ • 

Phosphorus oxychloride as condensingagent , 
90, 316. 

Phosphorus pentachloride, 92, 114, 167, 168. 
Phosphorus pentasulphide, ^8, 89. ^ 
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Phosphorus, red, as reducing agent, 156. 
Phthalimide reaction, GabriePs, 16, 32 34 

35,69. , ^ 5 > 

Picric acid, 177. 

Picryl chloride, 169. , 

Piperidine, 391. 

Piperine, 396. 

Piperylene, 393. 

Polymeiisation, 32, 100, 123, 126, 134, 197 
201, 205, 214, 218, 229, 236, 341. 
Polymethylene imines, 351. 
Poly-nitro-derivatives. aromatic, 164, 
Poly-nitroparaffins, 148. 

Polypeptides, 38, 42, 366. 

Position of substituents, influence of, 54, 55. 

56, 58, 278, 280. 

Potassium nitrite, 148, 155. 

Potassium permanganateTl55, 162, 163. 
Potassium pyrrol, 360. 

‘ Protection ’ of amines for nitration, 53. 
Proteins, 38. 

Pnissian blue, 195. 

Prussic acid, 197. 

Prussic acid, constitution of, 209, 341. 
Prussic acid, salts of, 201. 

Pseudo-acids, 82, 144, 170. 
Pseudo-diazo-acetic acid, 342. 
Pseudo-nitrols, 147. 

Pseudo-nitrosites, 128. 
Pseudo-phenyl-acetic acid, 389. 
Pseudo-salt, 152. 

Pseudo-uric acid, 318. 

Purine, 322. 

Pyridane, 388. 

Pyridine, 120, 124, 386. 

Pyridine, amino-derivatives of, 390. 
Pyridine as catalyst, 386. 

Pyridine as condensing agent, 203, 886. 
Pyridine group, 388, 

Pyridine substitutions, 387. 

Pyridine, synthesis of, 384, 

Pyridinium derivatives, 388. 

! Pyrrol, 357. 

I Pyrrol carboxylic acids, 362. 

Pyrrol group, 353. 

Pyrrol, synthesis of, 358. 

Pyrrolidine, 363. 

Q 

Quaternary ammonium compounds, 22. 

I Quate«aary hydroxides, 22. 
j Quinhydrones, 7^. 

Quinoline, 400. 

Quinoline, synthesis, 401. 

Quinone-azine, 291. 

Quinone diimines, 72. 

Quinone imines, 72. 

Quinone oximes, 135. 

‘ Quinoid’ constitution, 73, 110. 
Quinoxalines, 71. ^ 

m 

R 

Racemisation, velocifcr of, 29. 

Raoult’s ciyoscopic method. 111. 
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Bate of reaction, see Velocity. 

Eeduction, 17, 87, 45, 811. 

Eeduction of nitro-«omf)ou]^ds, 155. 
Reduction with nickel in hydrogen, 17. 
Reduction with red phosphorus, 156. 
Reduction with sulphurous acid, 311. 

Ring formation, 34, 86, 56, 69, 70, 86, 90, 
350. 

Rings, change of size, 21, 848, 844, 859, 404, 
407. 

Rosaniline dyes, constitution of, 61. 
Rosaniline hydrocyanide, 64. 

S 

Salicylamide, 57. 

Sandmeyer’s diazo-reaction, 260, 261. 
Sandmeyer’s synthesis of indigo, 880. 
Schiff’s test for aldehydes, 67. 

Scholl’s reaction, 107. 

Schotten-Baiimann reaction, 69. 
Semicarbazide, 299. 

Serine, 86. 

Silver cyanate, 16, 214. 

Silver nitrite, 140, 229. 

Slow neutralization, 149. 

Smell, 155, 198, 211, 226. 

Sodium ethylate as condensing agent, 8, 9, 
145, 196. 

Sodium hypobromite, 187, 

Sodium methylate as reducing agent, 156. 
Sodium nitrite, 105, 187. 

Sodium peroxide, 155. 

Solid solutions of tautomers, 178, 174, 272. 
Solubility of amines, 27. 

Solvents, influence on tautomeric equilib- 
rium, 178. 

Skraup’s synthesis of quinoline, 401. 
Stability of rings, 406. 

Stannous halide, 161. 

Stannous solution, alkaline, 161. 
Stereo-chemistry of pentavalent nitrogen, 
27. 

Stereo-hindrance, 50, 78, 86, 117, 182, 245, 
260, 284, 289, 888, 851. 

Stereo-isomerism, 105, 248, 807. 
Stereo-isomerism of diazo-compounds, 264. 
Stereo-isomerism of oximes, 110. 

Strain, 70, 71, 84, 90, 218, 381, 388, 406. 
Strecker reaction, 86. 

Substantive dyes, 282. 

Substituents, influence of position, ^4, 55, 
56, 58, 278, 280. • 

Succinimide, 84. 

Sulpho-carbamic acids, 20. 

Sulphurous acid, 48. 

Sulphurous acid as reducing agent, 811. 
Syn- and anti-diazo compounds, 269. 


% T 

Tartronyl“Urea, ^16. 

Taste, 86, 118. 

Taurine, 83. ^ 

Taniv^ric equilibrium, 178, 189. 


/ • 

Tautomeric groups, 279. 

Tautomeric salts, 80, 81^87, 135, 284. 
Tautomerism, 85, 97, 110, 115, 140, 251, 
308, 848, 862. 

Tautomerism, amide-imide, 80, 87, 88, 94, 
108, 182, 189, 190, 28| 235, 279. 
Tautomerism, cyanide-isocyanide, 197, 214. 
Tautomei-ism, keto-enol, 91, 279, 847^348, 
870. 

Tautomerism of nitro-compounds, 142, 144, 
145, 147, 149, 151, 165, 170, 178, 296.' 
Tautomerism, nitroso-diazo, 270, 802. 
Tautomerism, quinone-oxime, 185, 186. 
Tautomers, separable, 66, 186, 148. 
Temperature coefficient of velocity, 278. ^ 

‘ Tertiary ’ hydrogen, 139. 
Tetra-aryl-hydrazines, 245. 
Tetra-iodo-pyrrol, 861. 
Tetramethyl-ammonium, 28. 

Tetranitro-m ethane, 158. 

Tetrazane derivatives, 313. . 

Tetrazenes, 313. • 

Tetrazine clicarboxylic acid, 848. 

Tetrazones, 813. 

Theobromine, 324. 

Theophylline, 826. 

Thiazol, 88, 89. ^ 

Thiazoline, 88. 

Thiele’s theo^, 838, 856. 

Thioacetic acid, 87. 

Thioamides, 88. 

Thioanilides, 89. 

Thiocarbamic acid, 182. 

Thiocarbanilide, 190. 

Thiocyanacetone, 222. 

Thiocyanio acid, 220, 221. 

Thiocyanuric compounds, 235. • 

Thioform amide, 88. 
Thionyl-phenyl-hydrazone, 246. 
Thiosemicarbazide, 800. 

Thio-ureas, 189. 

Three-nitrogen compounds, 306. 

Triazane derivatives, 811. 

Triazene dicarboxylic acid, 811. 

Triazenes, 306. 

Triazine, 232. 

‘ Triazo-compounds,’ 342. 

Triazoles, 348. 

Tiiazolones, 842. 

Tribenzoyl-methane, 252. 

Tricyanogen compounds, 231. 
Triethyl-triazine, 282. 

Trifulmines, 280. 

Trimethylene imine, 850. 

Trinitrobenzene, 165. 
s-Trinitro-benzoic acid, 167, 178. 
Triph^ylamine, 51. 
s-Triphenyl-guanidine, 194. 
Triphenyi-methyl compounds, 8, 124, 152, 
255.* 

Tripyrrol, 859. 

U 

Uramil, 817. 

IJrea, 184., 



Indeic 




Ureides, 315. 

Ureides, cyclic, 31|. 

Urethanes, 181. 

Uric acid, 317. 

Uric acid, consti^tion of, 318. 
Uric'^cid group, tel5. 

Uric acid, syntheses of, 320. 



V 


Yiolurie acid, 317. 

' ‘ Virtual ’ tautomerism. 809. 


\ 


W 

‘ Wandering,’ 94, 382*. 
AViirster’s salts, 74. 

X 

Xanthine, 323, 326. 


Velocity of reaction, 7, 22, 29, 52, 56, 76,77, 
*86, 106, 108, 121, 154, 158, 160, 163, 184, 
186, 188, 189, 190, 200, 202, 204, 215, 234, 
9 247, 258, 273, 287, 307, 837. 


Z 

Zinc alkyl halide, 101, 144. 
Zinc chloride as condensing a 
Zinc ethyl, 142. 


/ 
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gent, 199, 24S. 



